COMMERCIAL ORGANIC ANALYSIS.; 


TIUGATIBE ON THE 


PROPERTIES, PROXIMATE ANALYTICAL EXAMINATION, AND MODES OP 
ASSAYING THE VARIOUS ORGANIC CHEMICALS AND PRODUCTS 
EMPLOYED IN THE ARTS, MANUPACTURES, MEDICINE, &o.; 

WITH CONCISE METHODS FOR 

THE DETECTION AND DETERMINATION OF THEIR IMPURITIES, 
ADULTERATIONS, AND PRODUCTS OF DECOMPOSITION 


' * BY 

ALFRED H ALLEN, FI.C, F C S. 

PAST PRESIDENT OP THE SOCIETY OP PUBLIC ANALYSTS, 

PUBLIC ANALYST FOR THE WEST RIDTNO OP YORKSHIRE, THE NORTHERN DIYISION OF DBRBYSHIIU 
THE OOUNTY-BOROUQH OP SHEFFIELD, StO 


Sccontr lEttltfon, UlcliisfU still TEntnrjcli 

VOLUME III — PART II 

(Reprinted 1899) 

AMINES AND AMMONIUM BASES, HYDRAZINES, BASES 
FROM TAR, VEGETABLE ALKALOIDS. 


LONDON 

J & A CHURCHILL 

7 (HIE AT MARLUOROUGH STREET 




PREFACE TO VOLUME III-PART II. 


It is ten years since the publication of the last edition 
of that part of Commercial Organic Analysis which 
treated of Alkaloids and Tar Bases. These subjects 
then occupied about 120 pages In the edition now 
issued 570 pages have already been printed, and I feel 
reluctantly compelled to publish the subject-matter 
now ready as Part II. of Volume III., leaving the 
sections on the less important Alkaloids and the 
chapters on Animal Bases,, Cyanogen Compounds, 
Proteids, &c., to be issued separately as Part III. 

In Part II., now published, I have endeavoured 
to describe fully and accurately such of the Organic 
Bases as have any practical interest, and to give 
reliable information as to their sources. The Amines, 
Hydrazines, and Pyridine and its Derivatives are 
now considered for the first time. The Antipyretics, 
and other synthetical remedies with which modern 
Chemistry has enriched medicine, are described fully, 
m cases where they fall appropriately within the scope 
of the present Volume, and I believe the sections on 
Antipyrine, Antifebrm, Pkenacetm, Thallme, &c , 
contain a resume of all published information on their 
respective subjects In the Chapter on Vegetable 
AlkAloids I have spared no pains to render the more 
important articles as complete and trustworthy as 
possible, and m this endeavour have received most 
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valuable assistance from Mr W Chattaway, Mr A .T 
Cownley, Mr It A. Cripps, Mr D B Dutt, Mr A W 
Glerrard, Mr 0. Helmei, Dr B. H Paul, Mr M -T 
Sheridan, Dr C R. Alder Wright, and Mr R Wright, 
who have kindly perused and corrected some of the 
more important sections. When it is borne m mind 
that the article on Aconite Bases occupies 44 pages, 
that on Atiopme and its Allies 27, Coca Alkaloids 23, 
Opium Alkaloids G7, Cinchona Alkaloids 71), and Tea 
and Coffee 27 pages each, it is evident tlut these 
gentlemen had no light task 

I have also to acknowledge the zealous assistance of 
Mr G E Scott Smith, Mr C M Caines. Mr G. S A 
Caines, and other workers in iny label ator} , m 
researches on the Assay of Atomic Bases, the Deter- 
mination of Caffeine, and much similar ongiual experi- 
mental work, the lcsults of which will lie found 
duly recorded 

In the sections on Tea, Corvee, and Cocoa, which 
conclude the Volume and together occupy 73 pages, 
I have incorporated nearly every item of trustworthy 
information of a chemical nature within my knowledge, 
and I believe these articles will he found of service by 
many besides professional chemists 

Part III, completing the work, will lie published 
as soon as possible, and will, I hope, be followed at nn 
distant date by a New Edition of the earlier Volumes. 

ALFRED II. ALLEN 


101, Leadeniiali, Street, 
London, EC, 1st October 1802 
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AMINES AND AMMONIUM BASES. 


Wurtz, m 1848, pointed out that one of the hydrogen atoms 
of ammonia, H a N, could be replaced by ethyl, C 2 H 6 , and 
shortly afteiwaids A W Hofmann proved that the substitution 
by ethyl and other alkyl radicals could be extended to the second 
and third atoms of hydrogen, the new bodies thus pioduced being 
powerfully alkaline and in other respects closely resembling 
ammonia itsolf Hofmann called these new bases amines, 
and proved them to be the simplest members of a numeious class 
of synthetically piodurable compounds He classified them as 
primary, secomlaiy, and tertiary amines, according 
as one, two, or all three of the hydiogon atoms of the ammoma- 
moleculo were replaced by alcoholic or alkyl ladicals. As these 
atoms of hydrogen may bo, and very often are, replaced by two or 
more different organic radicals, m 1 x e d amines exist, and are 
capable of numerous metameric modifications Thus a base having 
the empincal formula C 6 H 13 N may have any one of the five 
following constitutions — 

1 Amyl-amme, 


2, Butyl-methyl-amine, 


3 Propyl- ethyl-amine, . 


4 Propyl-dimethyl-amine 


5 Diethyl-methyl-ammo, 
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NOMENCLATURE OP AMINES. 


Of these metamenc bases, 1 the first only is a pumary monamino , 
the Eecond and third are secondary amines , and the fourth and 
fifth tertiary bases They could be distinguished by their bnhavioui 
with ethyl iodide, nitrous acid, and the other reactions described 
on page 4 ef scq. 

The hydiogan of ammonia may also be replaced by an acid 
radical, sucb as acetyl or benzoyl, when the resultant com- 
pound no longer possesses basic piopoities, ami is toimod an 
amide (eg, acetamide, C 2 II 3 0 NH 2 ) Mixed compounds also 
exiBb, such as ~ T , . 

OIi 8 1 

C 2 H,0 VN, 
if ) 


which may he called either metliyl-acetamide or acetyl- 
methylannne Buses are also known which are derived fioin 
the replacement of certam of the atoms of hydrogen m two, tlneo, 
and even four associated molecules of ammonia, the products being 
called respectively diainmos, t r 1 a mines, and t e t r a m 1 n e s, 


which closely resemble the monammes in 

then goneial characters. 

The following are 

examples of such bases 

— 

Monamines — 



JPhenylamim 

Diethi/lamma 

Tnvu thylavnnr 

h -n 

(W) 
c 2 ii B In , 

(Gil,,)) 

(cigU 

H j 

H j 

(Gil,,)) 

Diamines — 



Pheni/!ene-diamine 

JDutMnw diamine 

2Vtrf/uyfcw t hitnunt* 

, H 2 ) 

TI* ) 

(c 3 ir 4 )" ) 

(C 0 Ii 4 )" U 2 

(C 2 HJ" 

(O.II,)' ■ n 9 

n 2 i 

(OH)" . 


Trumines — 



TnetJiylona-Mramme. 

(o,h:>,-} k ‘ 

, l rt 13 evident tlmt the formula: in the text do not exhaust all possible 
modifications of the base C B H J0 N, as they do not take into account the venous 
isomeric modifications of which piopyl, butyl, and amyl are susceptible, 



NATURAL AMINES 
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Interesting liases are also obtainable by the substitution of organic 
radicals for the hydrogen atoms of H 3 P, H s As, and H 3 Sb 

The majority of the known bodies of the amine class are 
synthetical compounds of great scientific but little practical mteiest. 
Some few amines have been found to exist naturally m plants 
(e g , trimethylamine, comne), and others are met with in animal 
fluids (e g , urea), or the products of the decomposition of animal 
matters (leucine, glycocme) The tar-bases may be regaided as 
belonging to the amine class, aniline and tolnidme being 
primary, and pyridine and quinoline tertiary monamines 
Pipendmo, comne, and sarcocme are examples of 
secondary monamines, uhile urea and diamidobenzene 
may be regarded as diamines, and biuret and guanidine as 
triammes. Choline and neurine aie related to the tetra- 
alkyl-ammomum bases The mouammes may be advantageously 
considered at the piesont stage, hut the majouty of the amine bases 
will he more conveniently described in other chapters 


MONAMINES. 

Those bases are derived from one molecule of ammonia by the 
substitution of one or more of the hydrogen atoms by an equivalent 
number of alkyl radicals The first body obtained of this class 
was ethylamme, C 2 H B NH 2 , prepared by Wurtz m 1848 
by distilling ethyl cyanurate with caustic potash Methyl amine, 
CH g NH 2 , was obtained by the same chemist in the following year, 
by the distillation of mothyl isocyanate (acetonitrile) with caustic 
alkali — 2KOII + CH 3 NCO = K 2 CO s + CH 3 NH 2 
Hofmann obtained the monammcs by the reaction of an alkyl 
iodide on an alcoholic solution of ammonia The leaction is 
not a simple one, all three monamines being formed together 
with a tetra-alkylated ammonium base Thus, when ethyl iodide 
is heated with alcoholic ammonia to 100° in a sealed, tube, there 
are obtained — 

Ilydnodide of ammonia, . . . H 3 N,1II = TT 4 NI 

monoethylamme, . (C 2 II 5 )H 0 N,HI = (C 2 H s )H 8 Nr 
„ diethylamme, . (C a II 5 ) 2 HiSr,HI = (C 2 H B ) 2 H 2 NI 

„ tnefliylamme, . (C 2 H B ) 8 IT,HI = (C 2 H 6 ) 8 HJSTI 

Iodide of tetra- ethyl-ammonium, . (C 2 H B ) 8 N,C 2 II fi I = (C 2 H 6 ) 4 N1 
Similar produets result when bromide oi chloride of ethyl 
is substituted for the iodide, except as to the relative propoitions 
of the amines obtained Thus chlonde of ethyl produces almost 
exclusively EtHjNCl, with small quantities of Et 2 H 2 NCl and 
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Et 4 NGl, ethyl bromide gives chiefly EfcH a NBr, with very appieciable 
quantities of Et 3 H 2 NBr and Et 3 HNBr, but very iittle EtjNBr ; 
while ethyl iodide produces EtH s NI, Et 2 H 2 NI, and Et 3 HNl in 
about equal proportions, as well as veiy appreciable quantities of 
Et 4 NT (G r o v o s, Jnm Chem Sac,\m 331) 

A similar senes of products is obtained by healing iodide, 
bromide, or nitrate of methyl with a solution of ammonia in 
methyl alcohol When the methyl nitiatc and ammonia solution 
are uapd m equivalent proportions for the reaction — MeNOg-f- 
H 3 N = MeH 2 N,HN0 3 , monometliylamine is the chief product, 
though more or loss of each of the moie highly substituted pro- 
ducts is also f 01 mod With excess of methyl nitiatc, the nitiate 
of te tram ethyl- ammonium, Me 4 NNO it , is piodimd m 
large excess, and the same quaternary compound is foimed if 
methyl hiomide or iodide he substituted foi the nitrate 

The complex nature of the products obtained by floating alkyl 
iodides, &c, with alcoholic ammonia is due to the tendency of 
the annnes fust produced to react on the remaining poi lions of 
the alkyl iodide or otlnu salt to foim ammonium iodide and 
more highly substituted amines Thus — 

n a N+ c„F r i= (aryrr.wi 
(C„H 6 )H 0 N+ C„H b I= (C juilni 
(c 2 n D )jm+c;ir B i = (cIinjiNr 

(G 2 II n ) 3 N+C 2 H 0 I-(G ;! n 5 ) 1 Nl 

The liydriodidos of the amines similarly lead with alkyl iodides 
m presence of ammonia to form ammonium iodide and more, 
highly substituted amines. 

Erom these reactions it follows that tho hydnodide of diebhyl- 
amme, for instance, may he obtained by heating the luomidu or 
iodide of ethyl with a calculated amount of mono-ethyliimiiio in 
a sealed tube A great variety of mixed aminos may be obtained 
by piecisely similar means 

Distinction and Separation op Primary, Secondary, and 
Tertiary Monamines 

a If an amine he heated to 100°, under pressure, with an excess 
of alkyl iodide, a quaternary iodide will at length bo 
formed, and the problem whether the original baso was a primal y, 
secondary, or tertiary amine -will be solved by comparing the 
composition of the ultimate product with that of the onginal 
base or its hydnodide. Thus, if methyl iodide lias been tho 
alkylismg agent employed, the iodide of tho compound ammonium 
ultimately obtained will differ fiom the hydnodide of the original 
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base by 3CH 2 , if the amme was primary , by 2CH a , if secondary , 
and by CH 2 , if tertiary 

b The following is an outline of the method devised by 
A. W Hofmann for the sepaiation of the mixed amines 
resulting from heating ethyl iodide with alcoholic ammonia — 
The product of 1 the reaction is filtered from ammonium iodide, 
which is nearly insoluble m the alcoholic liquid, and is evaporated 
to dryness to get rid of excess of alcohol, free ammonia, and 
unchanged alkyl iodide. The residue is then distilled with caustic 
potash, when the hydnodides of the amines are decomposed, the 
bases volatilising, while the iodide of the tetra-alkylated ammonium 
base remains m the retort unchanged by, and insoluble m, the 
strong potash solution The mixture of amines is conducted over 
caustic lime, and then condensed by passage through a well-cooled 
tube The bases are then treated m a flask with one and half times 
their weight of ethyl oxalate (previously dried over calcium 
chloride), which is added giadually through a tapped funnel This 
has no action on tnethylamme or other tertiaiy bases, but converts 
diethylamme into liquid ethyl die thy 1-ox am ate, and 
mono-othylamme into solid diethyl-ox amide, 1 according to 
the following equations . — 


1. (c a H s ) 2 c 2 o 4 + 2(C 2 H 6 )NH 2 = c a o 2 { + 2 3 ( c A)oh 

Ethyl oxalate. Ethylamlno Diethyl oxamule Alcohol 

2. (C 2 H 5 ) 2 C 2 0 4 + (C 2 H 6 ) 2 NH=C 2 0 2 | N(C 2 H B ) 2 +, (CA)0H 

Ethyl oxalate Dlcthylamine Ethyl Dlothyl oxanwita Alcohol 

The liquid gets very hot, but for the completion of the reaction 
the mixture should be heated to 100° for several days m a 
closed vessel The tnethylamme, which has taken no part m 
the reaction, is then distiHed off on the wnter-hath The lesidue is 
well cooled, and the solid oxamide separated fiom the liquid oxamate 
by pressure 2 On subsequent distillation with caustic potash, 

1 Diethyloxamule may also he separated from the othyl diethyloxamate 
by cold water, m which the formei dissolves easily, the lattei very spmmgly 

If hot water be used, the sepaiation is more perfect and the lesiduol oxamate 
quite pure , but some of it suffeiB hycholysis and goes into solution aa 
diethyloxamic acid, 

3 Some ethyl monoethyloxamate, 0 a{^h!c 2 H b , 13 always folmod flow 
the primary amines in this reaction 
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these compounds yield the primary and secondary amities respec- 
tively — 

1. CA(NH C 2 H 6 )i+ 2H (0K)=C a 0 2 (0K) 3 +2H(NH C 2 H fl ) 

2. Qfl t j ^g» ) > +2H(°K)=C/) 2 (°K) 2 +H.N(OJI u ),-(-I I 0(0/1,) 

The foregoing process is available, with coitaui mndilicatmns m 
detail, for the separation of the amines of methyl and other homo- 
logues of ethyl, and, m fact, is of general application for the separa- 
tion of primary, secondary, and teituuy amines, the first class 
forming oxamides, the snioiul o.vumc ethers, and the thud lining 
unacted on by ethyl oxnmale 

An impoitant modification m the foregoing niothod has been 
made hyDuvilliei and B u 1 s i n e (Am. Clam Phi/s , [fi], xxiii. 
289), who op’eiate on an ncpicons solution of the bases. Under 
these conditions, the pi uuaiy amines aie convettod by ethyl oxulite 
into insoluble oi spaungly soluble oxamides, while the seumdaiy 
and tertiary bases are unchanged, or at any late remain u holly m 
solution. After separating the oxamides by filtration, the motlier- 
lupior 1 [is boiled for some time, which causes the hydrolysis of the 
ethyl thethyloxamate with foimution of d i e t h y 1 o x n m i e acid, 
(C 2 H b ) 2 N C 2 0 2 OH, anil the fuither change of this into the acid 
oxalate of diothy lam inc, (GJtj) JIN ll/J,/*,,. 1 This salt 
separates on cooling, and yields tlio free base on distillation with 
allcab The filtrate] is distilled with potash, the bases dried by 
caustic potash, and dissolved in absolute alcohol On adding ethyl 
oxalate to this solution the secondaiy amines are converted into 
oxamic others, whilo any remaining primary amines are con veiled 
into the conespoudmg oxanudes After allowing the mixture to 
stand for twenty-four hours to complete the miction, the alcohol 
and unchanged tertiaiy hcit.es are distilled off on the ivntcr-lwth 
The oxamates icmaming m the retort may bo converted into calcium 
salts by treatment with milk of lime or the secondary Oases at 
onee liberated and leeovoied by distillation with caustic potash. 3 

1 The tieatment described m the brackets is optional, and chiefly of advan- 
tage in the separation of othylanunes. 

2 The oonvoieion into calcium salts Is especially suitable for tlio treatment 
of the ethylammes Tlio pi capitated calcium dicthyloxuiuate and monoethyl- 
oxamnte aio filtered off, and the hltiato tieatod \uth alcohol, which piecipi. 
tates the remainder of tlio calcium salts. The pieeipilatcs are tieated with 
boding water, when tho monoethyloxamato dissolves, aud is deposited ngam 
on cooling m huge crystals, which on distillation with pota-di yield rthyhimxne. 
On concentrating and cooling the niotliei -liquors, calcium diethyloxamate 
separates It is rccryetallised fiom alcohol, washed with ether to lixmovu my 
adhering oxamido, and distilled with potash, wlion it yields puro thelhyUmm. 
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Duvillier and Buisine, ha-re applied this method to the analysis 
of the complex mixture of amines present m commercial tinnethyl- 
amme from vinasses (page 13) A Muller ( Bull Soc. Glum, 
xln 202 ; Jour Client Soo,, xlvm 501) has described a method 
for the separation of amines based on much the same principle 
The primary, secondary, and teitiaiy monainmes may also be 
distinguished by the following reactions — 

c If a primary monamine be boiled with alcoholic potash and chloro- 
form, the characteristic and highly disagreeable odour of the corre- 
sponding carbammeor lsonitrileis evolved, according to the 
reaction — MeNH 2 + CHC1 S + 3KHO = MeNC + 3H 2 0 + 3KC1. 

d. If a primary fatty monamme be dissolved in a mixture of 
equal measures of alcohol and carbon disulphide, and the liquid 
then boiled down to one-half, athiooarbamate will be formed 
thus — 2MeNH 2 + CS 2 = MeNH CS S NMeH a 

If the lesultant liquid be boiled with a solution of mercuric or 
feme chloride, a pungent odoiu of mustard oil will be produced, 
owing to the formation of an alkyl iso-thiocyanate 1 — 

MeNH CS S NMeH g + HgCl 2 = HgS + MeNCS + NMcH a Cl 
e Hitrous acid converts pi imaiy fatty monannnea into the corre- 
sponding alcohols — MeH 2 N + NO OH=MeOH+OII 2 -t-N 2 
Aiomatic primary amities (eg, aniline) aie converted by 
nitrous acid into diazo-compounds — PhNII 2 +NO OH= 
PhNN0H+H 2 0 

Secondanj amines, whether fatty or aromatic, are conveited by 
nitrous acid into nitrosammes, thus. — Me 2 NH + NO OH = 
Me 2 N NO + H a O The nitrosammes are yellow liquids, of neutial 
character and aromatic odour, volatile without decomposition m a 
current of steam Weak reducing agents convert them into 
hydrazines (page 27) j but by more powerful liydrogenismg 
agents, or by warming with alcohol and hydiochlonc acid, they are 
reconverted into the original secondary amines 

Nitrous acid has no action on ieritaty fatty amines It converts 
most tei tiary aromatic amines into nitroso - derivatives 
which still possess basic properties 

In practice, the action of nitrous acid on the amines is best 
' effected by distdhng their hydrochlorides with a strong solution of 
potassium or sodium nitrite If a mixture of the hydrochlorides 
of the three methylammes be thus treated, the monometliyldfrune 
is destroyed (with formation of methyl alcohol, which will be found 
1 In the case of aromatic prnnaiy amines, the product is usually a thio-nrea, 
winch requires to he treated with phosphonc pentoxide to obtain the lao-thio 
cyanate, 
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m the distillate), dimethylamine is eou veited mtn d line thy 1- 
nitrosamiue, which distils, 1 while the hydiochlorids of tri- 
methijlamine remains m the retort (mixed mth excess of the 
metallic nitrite), and on distdlmg it with caustic alkali the free 
base can be obtained 

/ Both primary and second m y monavuws icatt with aldehydes 
to form mdiffeient bodies The reaction between conanthol and 
mono- and di-methylamine respectively is as follows — 

H 2 IT 0H 3 + C 6 H 13 CHO = H a O + G 0 IIj 3 C1I JSTClJ a , and 
2HIT(CH 3 ) a + 0 e H„ CHO = H a O + C 0 IJ 13 CII[N(CIT,),],, 

This reaction has been utilised by S eh iff ( Amalttn , cli\ , lf>8) 
for the volumotnc assay of aminos The base is dissolved m 
benzene, fused calcium chloride added, and then a staudmd bolution 
of oenanthol in benzene diopped m fiom a bundle as long as w il> r 
continues to separate Each addition of the ounaulhul solution 
pioduces a turbidity from separation of w.ilfi, but tins is ubsoibcd 
by the ealeium tliloiide on gentle agitation As a pmoaiy amine 
reacts with twice as much oenanthol as the voi u'spoiidmg -ccuudiuy 
amine, the proportions of the two in a mixtun* can bo i 1, minted fn an 
the result of the titration, provided tho moan combining wi ight of 
the mixture bo known, or ascertained in a Mp.ii.ite uspoumont by 
titration with standard acid. 

g The acidfenocyanulcs of Urn totiory (inline* are 
remarkably insoluble m water They are precipitated on adding 
potassium fcrrocyanide to the solutions of the aminos ni ululated with 
hydrochloric acid Tho bases can bo loeovored fium their furro- 
cyanides by treating the precipitate with solution of cupric sulphate, 
filtering, and removing the sulphuric acid and excess of copper from 
the filtrate by baryta-water. 

Generic Characters of Monamines. 

The monaimncs, as a class, are readily volatile liquids, of ] envoi 
specific gravity than watei Their boiling-points use mth the 
number of carbon atoms in the molecule They tiro inflammable, 
burning with a yellow flame, and the lowui membeis dissolve 
with great facility in water, forming strongly alkaline liquids 
of an ammomacal odour. Fiom their solutions, ethyl, innnc and 
the higher hoinologues can ha separated by saturating the liquid 
With caustic potash. By boiling tho aqueous solutions of the lice 

1 On separating tho mtmsamme, which forms a yellow oil, from tho lupieoiu 
distillate, treating it with aqueous hydrochlouc acid, and then passing hydra 
chlorio acid gas till the liquid is homogeneous, tho hjdioclilonde of tho 
secondary amine is formed, and may he obtained by evaporation of tho solution. 
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bases, or of tbeir salts after adding excess of lime or fixed caustic 
alkali, the monamines can be completely volatilised, and con- 
densed again m water or acid, and titrated m the same manner 
as ammonia The monamines are all powerful bases, closely 
resembling ammonia m their general characters They form 
crystallisable salts, and yield chloroplatinates, clilor- 
a urates, and alums, exactly similar in characters and consti- 
tution to the corresponding compounds of ammonia The mona- 
mines precipitate magnesium salts, but the precipitated mag- 
nesium hydroxide dissolves m the amine hydrochlonde, forming 
a double salt from the solution of which .phosphate of sodium 
precipitates an amino-magnesium phosphate The amines thus 
behave exactly in the same manner as ammonia 

The only amines (not desciibed in other chapteis) requuing 
detailed consideration are the primary, secondary, and tertiary 
monamines of methyl and ethyl These bodies aio typical of 
tlie amines geneially, and most of the statements inudo respecting 
them would be true of all the bodies of the class. Their 
aqueous solutions dissolve silver chlonde, and behave in much 
the same mannei as ammonia with metallic salts , hut there are 
some mtoiesting differences, as shown in the table on next page, 
fiom which it will he seen that ceitam of the precipitates 
winch are soluble m excess of ammonia are undissolved by the 
amines, and vice versa 1 

In nil cases a solution of aluminium phosphate in hydioehloric 
acid behaves similarly to a solution of aluminium chlonde (Taylor) 

Methylamine. Monomethylaminc 
CHa) 

gh £ n= h In. 

h J 

Mothylamine exists leady -formed in Meicunalis annua and 
M pen emus, and, as obtained (m an lmpuie state) from these 
pi. mts, was foimeily known as m or enn aline It also exists 
in kemug-bnne, coal-t.u, bone-oil, and the pioducts of the distilla- 
tion of wood, 2 beetioot molasses (v masses), and ceitam alkaloids 

1 Tho authoi is indebted to Leo Taylor foi lepeatmg and enlaigmg 
on the experiments of Vine out, on whose observations tbo table is chiefly 
fonnflod. Sovcial blanks in the obsei vations of Vincent have been filled by 
Taylor. 

2 The presence of the amines of methyl in pyroligneous aoid and wood spmt 
is piobably due to tlio louction of acetone and ammonia — C' 3 H (l O+NH 3 — 
CjII.,0 + (CH 3 ).NHo. This equation lias been expeiimentally vonfied 
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(eg., morphine, codeine) It is also produced when caffeine is 
boiled with haryta-water, and hy heating hydrochloride of tri- 
xnethylamine to 285°, when methyl chloride and trimethylamme , 
volatilise, and methylamine hydrochloride (mixed with some ammo- 
nium chloride) xeniams 

Methylamine may he piepared hy the action of alcoholic 
ammonia on methyl iodide, but m this case dimethylamine and 
tumethylamine are also produced (page 3), and the main pro- 
duct is lodido of tetramethyl-ammomum. Methylamine is best 
obtained pure by treating one equivalent of acetamide with two 
equivalents of bromine, and then adding a 10 per cent solution of 
caustic potash till the colour of the bromine has nearly dis- 
appeared — 

C 2 H 3 0 N H 2 + Br 2 + 2KHO = C 2 H s O U BrK+KBr-|-2H 2 0. 
Thice additional equivalents of caustic potash are now dissolved 
to a 10 per cent solution, and heated ill a retort to 70° 0. The 
product of the fnat reaction is then giadually added through the 
tubulure The gases evolved aie collected in hydrochloric acid, 
and on evaporating the solution a mixture of the hydrochlorides of 
ammonia and methylamine is obtained, 1 from which the lattei only 
is dissolved by absolute alcohol On distillation with caustic 
alkali or slaked lime the salt yields the base, quite free from di- or, 
tn-methylamine 

Methylamine boils only a few degrees above zero, and hence is 
a gas at ordinary tempeiatuies One volume of water at 1 2° 6 0. 
dissolves 1150 measures of the gas, and hence it is more soluble 
even than ammonia, which methylamine closely resembles m odour 
and general characters, but is distinguished hy its ready inflam- 
mability — a property even possessed hy its concentrated aqueous 
solution. It burns with a yellow flame, foiming carbon dioxide 
water, nitrogen, and hydrocyanic acid 

On passing a succession of electric sparks through methylamine, 
hydrocyamde of methylamine is produced, and this is 
decomposed by a continuation of the treatment, with formation of 
a tairy deposit. When passed through a red-hot tube, methylamine 
is decomposed with foimation of hydrogen and ammonium 
cyanides, methane, aud hydrogen. 

The behaviour of methylamine with metallic solutions (page 10; 
and vanous other of its reactions have already been described. 
It forms a series of readily crystollisable salts. The cliloro- 

1 The reaction which occurs w veiy complex (A W Hofmann, -Ben, xv. 
765), but the mam decomposition may he expressed as follows — 

CH, CO NKBr+2HOK-CO(OK) 3 +KBr + OH, NH a . 
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flatmate, (MeH 8 N) 2 PtCl 0 , is insoluble m alcohol, but soluble 
in boiling water, crystallising on cooling m beautiiul golden-yellow 
scales 

A method for the pioximate analysis of the bases present m 
crude tnethylamme, based on the principles of the process described 
on page 6, has been described by A Mullei {.Bull. Soa. Oh an , 
xln. 202, Jouui Ohetn Soc , xlviu. 501 

Dimethylamme. 

cn 8 ) 

c,h 7 n==cii, Is. 

n j 

Dimethylamine occurs m Penman guano and pyioligneous acid, 
aud is also present m the pioducts ot tho distillation of uimsseb. 

Dimethylamine is leadily sepaialed from the primary and toil) ny 
methylanunes by i onveitmg it into ethyl dun e tli yloxam ate 
(pages 5, 6, 14), or into dime t hy 1 n 1 1 r o sam in o (page 7) 
On distilling the hist of these derivatives mill caustic alkali, 
oi treating tho second with fuming hydinthlono aud, the dnnetliyi- 
annue ib regenci ated The base may also be obtained pure by 
boiling 35 parts of nitroso-dimethylainlmo hydiochlovide with a 
solution of 16 parts of caustic potash m 400 of water — 
C 0 H 4 (NO) NMc 2 ,lIGl + iafO= rvCl + CulI/NO) OH-HHNMe 3 . 

Dimothylammo boils at 8°-9"C, aud closely ic, solubles the 
primary and toilimy nmthylaimnes Fnmi the formu it is at oncu 
distinguished hy the non foimatimi of a piucipilulo on the addition 
of ethyl oxalate to the aqueous solution of tho ba.se (page f>), 
aud tho nou-pioduction ol an lsomtulo oil tioatmout with alcoholic 
potash and cliloioform From trimcthylamino it is distinguished 
by the foimation of a nitrosnmmo on tieatmg it with mlious 
acid, or one of its salts with a nitrite (page 7) 

The chloroplatinate, (Mc 2 II 2 N) S! I > tCl 0 , crystallises in vciy long 
needles. 

Trimethylamine. 

CHri 

C 8 H 9 N=CH, Vn. 

GlfJ 

Trimethylamine, often improperly called p r o p y 1 a m l n n, a base 
having tho constitution (C 8 H 7 )II N, occurs somewhat frequently 
both in the animal and vegetable kingdom In the fuinuti it oceuis 
notably m herring-brine, and has been detected in uuno, unputio- 



TIUMETKYLAMINE. 


13 


fied blood of tho calf,' cod-liver oil, and other animal fluids In 
the vegetable kingdom, trimethylamme occurs m the Ohenopodmm 
mlvaria (stmkmg goose-foot), from, the leaves of which it con- 
stantly exudes , Arnica montana, Mai curtain annua, the blossoms 
of the pear, -white-thorn (Ciatcegus oxyacantha), hawthorn, and 
wild cherry, and in ergot 1 and other parasites of the vegetable 
kingdom, Trimethylamme is also a product of the dry distillation 
of certain alkaloids, wood, &c, bnt especially of the vmasses or 
residue left after the distillation of the spirit from fermented beet- 
root molasses The bases obtained by the destructive distillation 
of this product are derived from the betaine, C 6 H 1# hr0 2 , con- 
tained m the molasses, and consist chiefly of the monanunes of 
methyl, among which trimethylamme predominates 2 * * * * * 8 

The products of the destructive distillation of the “ vmasses,” 
left after the distillation of the fermented beetroot-molasses, vary 
with the concentration of the liquid As the proportion of water 
decreases, the quantity of ammonia increases, ancl the tumetliyl- 
amme is replaced by the primary and secondary methykumnes 
The amasses from different localities yield varying propoitwns of 
gaseous and liquid products on distillation, the nitnlea and methyhc 
alcohol appearing to he the most variable constituents ? 

1 The trimethylamme of eigot is probably a decomposition-product of 
choline, (OH,),N(C!,H t OH) OH, 

2 The vmasses, oi spent wash from the stills, is evaporated till it acquires a 
specific gravity of T 31, when it is subjected to diy distillatiau in cast-iron 
reloits The aqueous poition of the distillate contains — Ammonium car 
bonato, sulphydiate and cyanide , mothyl alcohol, methyl sulphide, and methyl 
cyanide , vanous other bodies of the fatty senes , and a large propoition of 
salts of tumetbylamme The tar yields, on distillation •— anunomaoal liquoi, 
various oils, pyndine bases, solid hydiocaibons, phenols, and pitch of superior 
quality. The aqueous liquid is neutralised with sulphurio acid and concen- 
trated, when crystals of ammonium sulphate are deposited, and vapouis of 
methyl alcohol ale evolved together with methyl cyanide and other mtulos 
The methyl cyanide is converted in ammonia and acetate by tieatmont with 

an alkali CH 3 NO + NaHO + H 2 0 - II 3 N + CH a .COONa The dark-coloured 
mother-liquors retain the trimethylamme sulphate, which is decomposed by 

distillation with lime, the vapours being passed into hydiocliloiic acid. The re- 
sultant solution is boiled down till the temperature reaches 140° 0 Ammonium 

chloride crystallises out on cooling, and the motlici -liquor is separated and 

concentrated till the boiling-point rises to 200°, the product forming com- 

mercial hydrochloi ide of trimethylamine, from which the free 
base may readily be obtained by treatment with lime or caustic alkali. 

8 In a specimen of “commercial trimethylamme,” prepared from vmasses, 
Duvillier and Bui sine found only from 5 to 10 per cent of tumethyl- 
amine and some 50 per cent of dimethylamme ; while the remainder consisted 
of methylamme, propylamine, and isobutylamine in about equal proportions ; 
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Trimetliylanune lias a specific gravity of 0 673 at 0°, and boils 
between 9° and 10° C When pure and concentiated, trnnetliyl- 
the othylanune being estimated at about 2 per cent , and ammonia being absont 
(Gompt Bend , lxxxix. 48) Tlio method employed by these chemists for the 
separation of the amines m question was as follows (-Ann Clnm Blips., [5], 
xxui 289) • — The aqueous solution of the free bases was ti eated u ith ethyl 
oxalate, the dense white precipitate of oxamides filtered off, the liltiate ron- 
centratcd by distillation, and the further precipitate added to that picviously 
obtained By treating tlio preeipitato with hot water it was sopaiated into 
three fractions Tho most insoluble poition (1) consisted ol dibutyl 
oxamido (orpossibly di -iso bu ty 1 o xann do), which melted and floated 
on the hot watoi, and on cooling foimod a solid waxy mass When icmjstal- 
lisod fiom alcohol, it was obtained m pooily noodlos Tho butylamiue, 
OjHjNHj, obtained by distilling tho oxamido with potash, had a faintly 
aromatio odour, and yieldod a slightly soluble chloroplatuiato, ciystalhsmg m 
orange-eolouied plates Of tlio oxamides soluble m boiling water, tlmdipinpyl 
compound (2) was fust deposited It crystallised from tileohol m peaily 
needles molting at 110°, and' tho piopylamine, C 3 H 7 NH 2 , obtained fiom it 
gave an orange chloroplatmate When the propoitiuii of hutylnimno and 
propylamine was small, tho authors profeiied to utihso tho oomparntive insolu- 
bility of their sulphates in alcohol to scpoiato them fiom tho otlrn amines 
The most soluble portion of tlio mi\od oxaimdos (8) was deposited in op ique 
white needles oi giauis, and consisted of dimethyl oxamido ’ The base 
obtained by distilling it with potash was converted into tho sulphate, whieh 
on treatment with boiling absolute alcohol was obtained quits pure, uud 
yielded pure meUu/lcmmc on treatment with pntnsli 
Thu mother-liquoi sepaiatcil from tho oxamides of the prnnaiy amines was 
distilled with caustic potash, aud tho dued gas collected in absolute aleohnl. 
A portion of the solution was then titioted with sUnduid acid, and thn 
romamdei giaihully added to a quantity of ethyl oxalate sufficient foi the 
reaotioii'— MojNII + TitjCjO , = (M oHNJjChOj -( 2EtOII , assuming the alkalinity 
to he wholly due to dirnetliylanune The opoiatlon was conducted in ,t flask, 
which was suilDiinded with ice and continuolly shaken. Wlien tho i eaction was 
completed, the flask was heated on tho water hath, and tho alcohol nnd un- 
changed trimelliylamme distilled off and collected in hydiochloue acid. It 
yielded a ehloroplatmato m large oiango-red ciyBtals, and was the only tertiaiy 
amine found in the mixture of bases under examination 
Tho syiupy rcsiduo loft m tho flask after tho distillation ol the alcohol ami 
tmnethylamine consisted of the ethyl dialkylatod-oxamates, with ttaecs of 
ethyl monalkylatod-oxemutes and oxamides of pumavy amines. It w as ti oaf od 
with water, whioh caused hydrolysis , and, on neutralising tho liquid with nulk 
of lime, oolcmm othyloxamato and propyloxamatewciotlnown down, which on 
distillation with, potash yieldod cthylmmne, CjHj Nil), ami piopylainine, 
3 3 Bf 7 NH 2 On ti eating tho filtrate from tho calomm ox.unata, pi capitate 
with an equal lolume of aloohol, a preeipitato was funned from winch warm 
water extiacted calcium dimothyloxamate, yielding dimethyltmuic, 
(CHj) 2 NII, on distillation with potash, while the less soluble poition consisted 
of calcium monomuthyloxamate, yielding metliylamme undei similar treatment, 
Ethylamm, which escaped detection on Duvillier and Buisino’s first 
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amine is stated to have a purely ammoniacal odour; hut when 
highly diluted, the vapour has at the same time a smell of ammonia 
and a peculiar fishy odour suggestive of herring-brine, The latter 
odour is gradually developed by adding lime to a solution of the base, 
but requires some time to reach its maximum intensity (L Taylor) 
Trimethylamme is apparently soluble m all proportions of cold 
water 1 

A mixture of equal measures of trimethylamme and water is 
inflammable. 

Tiimethylamme is employed for preparing pure potassium car- 
bonate fiom the chloride by a method analogous to the ammonia- 
soda process Ammonia is not available, because of the nearly 
equal solubility m water of ammnmvtm chloride and aeul potassium 
carbonate, whereas the hydrochloride of trimethylamme is much 
more soluble 

Trimethylamme might, pi imd facie, be supposed the active agent 
mWollheim's process of treating sewage with herring-brute 
and lime {Eng Patent No 15321, 1888), hut those wlio have 
investigated the matter incline to the opinion that the bactericide is 
a hitherto unisolated body they term am mol, produced by the 
action of lime on one of the amines of herring-brine Pure 
trimethylamme employed without lime has not the same effect 
Trimethylamme is distinguished from the pnmaiy and secondary 
methylammeS by rts negative reaction with alcoholic potash and 
chloroform (page 7), ethyl oxalate (page 5), and nitrous acid 
(page 7), and by its solution m excess of hydrochloric acid being 
precipitated by potassium ferrocyanide (page 8) 

Trimethylamme has been employed m medicine, and is said to 
have proved of value m the treatment of gout and acute rheumatism 


examination of tho bases from vmasses, owing to the small .proportion piesent, 
was subsequently detected by distilling with potash the mother-liquors ob- 
tained by treating the oxamides with water, and conveiting the bases into 
sulphates On ti eating these with absolute aloohol, the sulphate of methyl- 
amine remained On diatilhng the soluble portion witli alkali, collecting tbe 
bases m absoluto alcohol, and treating the solution with ethyl oxalate, as 
"beady described, tho othylamme was converted into a monoetliyloxamate, 
fiom which tho calcium salt was prepared and decomposed by alkali 
1 According to Gu th l le, the solubility of trimethylamme m water Is 
notably diminished by heating, the liquid becoming distinctly turbid (com- 
pare nicotine) from partial separation of the base. Thus a 10 per cent 
solution of trimethylamme in water became turbid at 22° 0 , an 8 per oent at 
24° 5 , and a 4 pei cent solution at about 42° C Leo Taylor luis failed 
to confiim Guthrie’s observations, which were not improbably made on impure 
material 
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(A valuable description of its therapeutic effects -will he found in 
the Year-BonL of Pharmacy for 1873, pages 197-262 ) J 

Trimethylamme combines with carbon disulphide at the ordinary 
temperature with great evolution of heat, according to the equation 
CS 2 + (CH 3 ) 8 N = N(GS 3 ) 2 CS S GHg . The product, which may be 
regarded as trim o thy 1-thiocarbamic a old, is prepared 
more readily by passing gaseous trimethylanune into a mixture of 
carbon, disulphide and alcohol. It is obtained on ovapnuiting tlie 
solvent in white rhomhio needles, melts at 125°, mid decomposes 
gradually at the ordinary temppratuie. It is soluble in dilute 
alcohol and water, but neaily insoluble m absolute alcohol, other, 
chloroform, or benzene Dilute acid combine with it to foim salts, 
hut strong acids and alkalies decompose it mto carbon disulphide 
and tumethj lauime 

Tnmeth>ilamma Ift/'h'orhlm ide Ilydiochloratc of tnmcthyl- 
ammo Chloride of Tmnetliylammonium (GH 3 ) 1 I1NG1 This salt 
is obtained by neutralising tnmcthylumme with hydrochloric acid. 
It differs from ammonium chloride in being extremely deliquescent, 
and soluble m absolute alcohol The fishy odour of the baso 
liberated on treating the salt with lime or caustic alkali further 
distinguishes it ham ammonium chlomlo With platimc chloiula 
it unites to form the rhluioplahmio, (MATIN'), PtCi Q) a com- 
pound which ciyatullises m orange octolieiha, sparingly soluble 
m absolute alcohol 

When heatod to 260°-28.’) 0 G, tmnothylamino hydrochloride 
is decomposed with formation of free trimothylami n e, 
ammonia, and methyl chloride — 

3MeIINCl = 2Me a hT + II ,17+ 3MeCI. 

This reaction has been utilised by Camille Vincent for the manu- 
facture of methyl chloride The vapours are passed tlnough hydio- 
cblonc acid, which absorbs the bases, while the gaseous methyl 
chloride passes on It is washed by dilute caustic soda and dried 
by strotig sulphuric acid, after which it is collected uv a gas-holder, 
from whence it is pumped into strong wrought-iron cylinders, in 
which it is condensed to liquid. The vapour of liquid methyl 
chloride has a tension of 2 5 atmospheres at 0° and 1 8 at 20" G. 

1 Tho solution of tumethylamine for medicinal use should lie clour, colour- 
less, and of 1 124 specific gravity It should have a pocnhnr odour, recalling 
that of ammonia and hcmng-bnno, bo miscible in all piopoitions with water 
and alcohol, and contain 20 per oent of tho base One mcasuio of hyibo- 
chlono add, of 1 170 specific gravity, should neutralise tlneo measures of the 
Solution of tha base, and the salt obtained on evaporating tho icsultant solu- 
tion should hs completely soluble m absolute alcohol. 
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Methyl chloride is extensively 'used m the amline-dye manufacture 
for preparing methylamline and diniethylamlme, which compounds 
form the starting-points of numerous colouring matters. 

Ethylamines. 

The amines of ethyl are obtainable in the manner already 
descubed (page 3). A convenient source of the pnmaiy amine, 
C 2 H 6 NH 2 , is the crude ethyl chloride obtained as a bye-product in 
the manufacture of chloral (A W Hofman n, Be) , in 109,776) 
When ethyl chloride is heated to 90° under pressure with an 
equivalent propoition of strong aqueous ammonia, a layer of tnethyl- 
amme containing ammonia is formed^ while the aqueous liquid 
contains the hydrochlorides of ethylamme and diethylanune. 
When a similar mixture of aqueous ammonia and ethyl chloride 
is heated undei pressuie to 150°C,H 4 NC1, EtH 8 NCl, and Et 4 NCl 
aie the chief products, only traces of Et 2 B 2 NCl and Et 3 HNCl 
being formed, 

The amines of ethyl can be separated by methods already 
described They present the closest analogy to the coiresponduig 
methyl bases Various differences between the three amines are 
descubed on page 4 et seq The following table shows other of 
their characteristic pioperties 
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Formula, 

(C 2 H 6 )fl,H 

(C,H 5 ),IIN 

(CjHtljH 

Boiling-point, " C 

19 

68 

00 
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|0 7002 

~Q 700 

5 -°0 7277 

Reaotion with nine 
aulpliate 

Precipitate soluble to 

Pi oolpitate lueotoble 

Piectuitato in- 

soluble In excess 
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with nltious acid 
far a salt of the 
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nitrite solution) 

Hydrochloride 

Alcohol and mho 

Dlothylnl trosamtoo , 
a neutral oily 
liquid boiling at 
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?)■ 

Hon deliquescent 

UnchaAgod 

Hon deliquescent 
lamtotfi , 

Plflttniclilorhle 

Hexagonal rhom- 
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lately eolublo in 

Monocllnlo , mode- 
rately Boluble 

Monocllnlo , very 
soluble. 

Acid ferrocynnlde 

Soluble. 

Soluble 
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TETRA- ALKYLATE© AMMONIUMS 


AMMONIUM BASES. 

By the action of excess of an alky] iodide on ammonia or an 
amine, dll the hjdiogen atoms ol ammonia can be u placed by 
alkyl radicals, the tertmiy amines thus fonned combining with 
anothei molecule of alkyl iodide to pioduce the iodide of a 
tetra- alkylated ammonium When methyl iodide has 
acted on ammonia, the product is tetianiethyl-ammoiuuui iodide, 
(CH^NI, but by obvious modifications m the proce'*-, similar 
compounds containing other alkyl-radicals can be obtained 
Thus, Hofman n piepaiud the i o d 1 d e of m ethyl-ethyl- 
a m y 1- p h o n y 1 -a m m o n i u m —(Cl l ,)(C,f t„ )(C fl U u )(C 0 IT B )N I, 

The same punlnct ri -ulls from the aition of uthyl iodide on 
trmiethyl, im mo as by tlio aition of methyl iodide on dimuthyl- 
ethylamine This fact proves that the body fonned is not meiely 
a moleoular compound of the constitution 


cir,) cn, t ) 

cir, J-^cjigi, oi cm l N,cii 1 i , 
ch 3 j “ CjlI B ) 

but that it is the turn iodide of a tetia-alkylated ammonium — 


av 

01I,| 
CII I 
C,1I S 


NI 


The identity of these and miiii1.ii compounds fume lies impoitimf. 
evidence oi the pentnvalent i lnunelei of mtiogen 

The iodides of the tutru-ulkj luted ammoniums nie quite mi- 
ftctctl on by caustic potash even on heating, but rent, with iciently 
precipitated argentic oxide to fonu iodide of silvei mid the 
hydroxides of the t e tru-nl k y 1 a t ed ammoniums 
These liydioxnles are non-volatile, vyuipy or solid deliqui scent 
substances, of highly caustic, alkaline cliatuetei, presenting, as 
a class, a stioug analogy to caustic potash Mnnj ol them line 
marked poisonous characters 

Such of the natural vegetable alkaloids as have the e< institution 
of tertiary bases unite with alkyl iodides to form compounds 
which have the characters of iodides of compound unmoinmns, 
from which the coirespomling hydroxides can be piepuied, as 
above desenbed, by miction with oxide of silvei Thus, for 
example, from m orphine, C l7 ir it) NO,,, may be prepined — 


Etliylmoiphiuin iodide, . . 

Ethylmoiplnum liydioxide, 


W/), } 
C.,lf r , } 
C l7 Ii“)O t } 


NI 

N.OII 



COMPOUND AMMONIUM BASES. 19 

These bodies are sometimes formulated and described as the 
hydnodide and hydrate of ethylmorphine, C 1? H 18 (C 2 H s )NO g ; but 
such a view is inconsistent with, their characters 

Similar bodies aie obtained by action of alkyl iodides on 
strychnine. The hydroxides of methyl- and ethyl-stryehmnm 
(C 21 H 22 MeN0 2 OH and G a H 22 EtN0 2 OH) are stiong, very soluble 
bases, which form carbonates and precipitate metallic hydroxides 
from metallic solutions. In their physiological action they annulate 
the paralysing action of curanne rather than, the tetanic poisoning 
of strychnine itself 

Similar bases can he obtained by the action of alkyl salts on 
diamines or ammonia , Thus, an end-product of the action of 
excess of othylene dihromide on ammonia is tatra-ethylene- 
di-ammonium-dibromide (C 2 H 4 ) 4 N 2 Br 2 , from which the 
hydroxide, (C 2 H 4 ) 4 N 2 OH, can he obtained by treatment with 
oxide of silver. This base is a powerful caustic alkali and non- 
volatile 

Choline end neurme, described m the chapter on “Animal 
Bases,” are natural products having the constitution of am- 
monium bases Thus — 

Choline Tnmethyl-hydroxyethyl- \ (GH 3 ) 3 1 w nT r 

ammonium hydroxide, j . . (G 2 H 4 OH) J 

Heurinb. Tumethyl-vinyl-ammomum 1 . (GH 9 ) 3 ) w 

hydioxide, J (C 2 II 8 ) j 

It will be observed that neurme aud cholrne only differ from 
each other by the elements of water 

Bases of similar characters and constitution have been prepaied, 
containing phosphorus, arsenic, or antimony m place of nitrogen 
Thus, there have been obtained — 

Tetramethyl-ammonium hydroxide, . Me^H OH 

Trimethyl-ethyl-phosphonium hydroxide, Me 3 EtP OH 
Tetrethyl-arsonium hydroxide, . Et 4 As OH 

Tetrethyl-stibonium hydroxide, . . Et 4 Sb OH 

Tetretky 1-ammonium Compounds. 

When perfectly anhydious ethyl iodide is added to tnmethyl- 
anune previously dried over caustic potash, combination gradually 
occurs with evolution of heat, and in a few days the mixture sets 
to a solid mass of 

Tetrethylammonium Iodide, (C 2 H 5 ) 4 HT This compound is pre- 
feiably piepared by exposing a mixture of equivalent proportions 
of triethylamme and ethyl iodide to a temperature of 100° for a 
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few minutes m a flask furnished with a well-cooled inverted con- 
denser, or preferably in a sealed tube Violent reaction ensues, 
and, on cooling, the pioduet sets to a hard mass of crystals On 
dissolving the mass in water, and allowing the solution to evapo- 
rate spontaneously, the iodide is obtained in extiemely bittei crys- 
tals of considerable size, which, when pine, aie colourless, but are 
apt to be mixed with leddish crystals of the tri-iodide, 

(C 2 h s ) 4 ni,v 

Tetrethylannnonium iodide is not volatile at 100 0, hut when 
vapidly hoated in. a retoit to a higher lompemtuie it melts and 
suffers decomposition into ethyl iodide and turn ethyl- 
ami no, which form separate layers m the roceivoi hut ro-mute to 
pioduce the onginal compound 

Tctrethylammonium iodide is wholly undecomposotl by treat- 
ment with caustic potash or soda, but is much loss soluble in 
caustic alkaline solutions than m water Hence, on adding excess 
of caustic potash to its concentrated aqueous solution, a solid crys- 
talline mass is produced This behaviour shaiply distinguishes 
the iodide of tetrethyl-ammonium (and of other compound ammo- 
niums) from the compounds Et s HNI, Et 2 HNI, and EtII iV NI, which 
are at once decomposed by caustic alkali, with liberation of the 
corresponding amine, The aqueous solution of toll etliy Intemon i um 
iodide reacts with aigentic mtrato or sulphate to form a precipitate 
of argentic iodide and a solution of the tehetliylammomum mtrato 
or sulphate 

Tetreth vTjAaimonium IItdroxide, (C 2 II 6 ) 4 N OH, is obtained m 
solution by adding freshly -pi ecipitatod oxide of silviu to a dilute 
and warm solution of tetiethylammomum iodide, until the blown 
colour Of the Bilver oxide ceases to change into the lemon-yellow 
of the iodide. The solution is then filtered, and may ho uvapmated 
to a considerable extent at a gentle heat, hut further concentration 
must he conducted in vacuo, at the ouliimry temperature, over svd- 
phunc acid and lime Long, hair-like, deliquescent needles of 
the base are deposited, but those subsequently disappear, and the 
liquid ultimately dries up to a semi-solid mass 

Tetrethylammomum hydroxide presents the closest analogy to 
caustic potash It is highly deliquescent, absorbs carbon dioxide 
from the ah, and the aqueous solution has a stiong alkaline re- 
action It lias an alkaline, caustic, and extremely bittei taste, and 
in a concentrated state hums the tongue and acts on the skin 
like caustic potaeh With metallic solutions it behaves like the 
caustic alkalies, excopt that aluminium hychoxide is soluble with 
1 This compound is leadily obtained by dissolving lodino m a solution of 
tetrethylaminonuun iodide. 
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difficulty in excess of the reagent, and chiomic hydroxide is quite 
insoluble 

A moderately strong solution of tetiethylanimomum hydroxide 
may be boiled without decomposition , hut m a concentrated state, 
even at 1 00°, the liquid fioths strongly, and the base is resolved 
gradually but completely into tuethylamme, ethylene, 
and w a t o r ,--(C 2 H g )H OH = (C a H 5 ) 3 H-f C 2 H 4 +H OH. 1 This 
reaction affoids a convenient means of obtaining triothylanune 
unmixed with the primary and secondary amines 

When a solution of totrethylammomum hydroxide is boiled with 
a slight excess of ethyl iodide foi twenty-four houis, under a reflux 
condensei, the solution becomes perfectly neutral, the following reac- 
tion ocouirmg — (C 2 H g ) 4 H OH + C a H g I = (C 2 H 6 ) 4 NI + Ci,n g OH 
Tetrethylamraonnim hydroxide also hydrolyses ethyl oxalate, 
and saponifies fats as readily as caustic potash 

On adding caustic potash and potassium iodide to a stiong solu- 
tion of totrethylammomum hydroxide, a white crystalline mass of 
tetrethylammomum iodide is produced 

The salts of tetrethylammomum are mostly crystallisahlo and 
readily soluble 

Tetiethylanimonium Chloride, (C 2 H g ) 4 NCl, obtained by neutralis- 
ing the hydroxide with hydrochloric ucid, is crystalline and highly 
deliquescent It f oi ms double salts with auric, morcui ic, and plivtime 
chlorides Teh ethijlammomum cldmoplatmate, (Et 4 N) 2 PtCl 0 , is 
thrown down immediately as an orange-yellow precipitate, con- 
sisting of microscopic octahedra, on. adding platmic chloride to a 
solution of tetrethylammomum chloride It is slightly Soluble m 
water, and leas soluble in alcohol and ether 

1 0 oil io and Schiyvor (Jour CTvam Soe, lvn 707) have recently 
shown that when a mixed quateinaiy ammonium chloride or hydi oxide (made 
fromtninothylaimne or tnetliylamine) Is heated, a mixed tei tiary ammo 
is always produced in gi eater or less amount With triphenylmetliylammo- 
imirn the only product is diniothylplienylanuno, while with the allyl- and 
isopropyl-tmnetliylammoninm compounds, the chief teitiaTy ammo tormocl by 
the action of heat is tiimothylamine In the case of the chlondes, the 
mntliyl-group is very easily eliminated as methyl chloride; whilst in 
the case of the hydroxides, the othyl-group almost invariably splits away as 
etliylono ' (Sco abater papei by Schi yvei on the asymmetry of nitrogen 
m substituted ammonium compounds Pioc Chm . Soe., 1891, page '39.) 
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The name hydrazine was first applied by E Fischer 
to a hypothetical base, haying the constitution of d 1 a m i d o g p n, 
H 2 N HH 2 Since then the base itself Inis been obtained in the 
form of a hydrate, and possibly also m the free stale. 

Hydrazine. Diamidogon. Dmnude. N 2 H 4 01 II S E Nir & 

Hydiazme is obtained by the decomposition of tnazo-acotic 
a c i d by heathig it with water or mineral acids, when the following 
reaction occurs — 

C 8 H d N 8 (COOH) a + 6H 2 0 = 3 NjH 4 + 3C 9 H a 0 4 . 

Tnazo ricetio acid Water JlyiliuZInu Ov iln, acid 

The oxalic acid is more or less split up, according to the 
temperature and the strength of the aoid employed, into carbonic 
and formic acids, so that when only water is used the hjdu/ano 
sepaiates os a foimate, hut if a mineral acid ho present it 
forms the corresponding salt 

Ilydrazmc has an extraordinary affinity for water, leadily 
foinnng a hydiate, NJI^TTjO, which it docs also when set 
free from its salts by caustic alkalies or lime 1 This hydrate 
is a Injmd fuming m the an and boiling unaltered at 113° 0„ 
and can he easily separated from water by distillation, though 
some of it passes ovei with the steam 'When heated with baimm 
oxide in a sealed tube to 170°, some anhydrous hydia/inc appears 
to be formed and escapes as a white fume on opening the tube. 

The solution of hydrazine turns reddened litmus-paper a deep 
blue, and gives white fumes with aud vapours In a concentiafed 
state it has a very peculiar odpur, only slightly lesembling that of 

1 Hjilrazine hydrate is beat prepnicd (Ourtnia and Seliult/) bj dis- 
tilling a mKturo of eleven partB oi hydrazine sulphate with four ot can <tia 
potash and one of eater m a silvei retoit piovided with a silver eouduwer 
When the last diop has passed ovoi, tho distillate is fractionated. Aftu fuur 
fractionations the last portions boil constantly at 119° On 1 tins and Jay 
(/ma Tract Glum., [2], xvxix 27) piepare hydrazine liyduto by hr atmg the 
hydrochloride of tho base with caustic lime in a silver ictoit, and passing the 
vapours through a heated silver tube containing oftustio lime 
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ammonia It powerfully affects the nose and throat, has an 
alkaline taste, and leaves a burning sensation on the tongue. 
When boiling, the solution attacks glass, and quickly destroys corks 
and india-rubber Hydrazine, like liydroxylaimne, is a stiong 
poison of universal character 

Hydiazme reduces Fehhng’a solution and amuionio-mtrate of 
silver in the cold , With cupric sulphate it yields a led precipitate 
(1 cuprous oxide), with mercuric chloride a white precipitate, and 
precipitates alumina from a solution of alum With aromatic alde- 
hydes and ketones it yields sparingly soluble ciystallme compounds 

Salts or Hydrazine 

Hydrazine combines with one or two molecules of monobasic 
acids to form veiy stable salts, which are usually ciystallme and 
lsomorphous with the coirespondmg ammonium salts. The salts 
Hz,2HB ciystnllisc in the regular system and are readily soluble 
in water, hut nearly insoluble m alcohol The mono-acid salts, 
HzHR, are easily soluble m water and waim alcohol, fiom which 
they crystallise well The salts of both classes aio insoluble in 
ether, benzene, &c. In acid solution, the salts of hydra/, uie possess 
remaikahly strong reducing piopeitics, and are poweifully toxic 
towards the lowei organisms Peptone solutions containing OT 
per cent of hydiazme sulphate are unable to suppoit bacterial life, 

Ilydumne Dihychuchlonde, KT 2 H 4 , 2HC1, ciystalhses fiom hot 
water m large glassy octahedra that are freely soluble m water, 
hut less so jn alcohol On treatment with platimc chloride 
it does not yield a cliloroplatinate, hut is decomposed with 
evolution of much nitrogen. It melts at 198° C , with evolution of 
hydrochloric acid, to a clear glass consisting of the monohydra- 
chlonde, N 2 H 4 ,HC1, and this on further heating to 240° C. la 
decomposed into ammonium chloride, nitrogen, and hydrogen. 

‘ Hyd't mine Sulphate, N 2 H 4 ,H 2 S0 4 , aceoidmg to T Curtins, 
is best obtained from ethyl diazo-acetate, which on tieatment 
with hot concentrated caustie potash yields the potassium salt 
ot an acid which separatee m golden yellow tablets on addition 
of a mineral acid. On digesting the yellow aqueous solution 
of these with very dilute sulphuric acid, the colour disappears 
without evolution of gas, and on cooling crystals of the sparingly 
soluble hydrazine sulphate are obtained. Prom the sulphate, 
other salts of hydrazine may he prepared by double decomposition 
with barium salts 

Salts of hydiazme in solution are decomposed by sodium nitrite, 
with evolution of gas attended by much frothing. The reaction 
is analogous to the decomposition cf ammonia salts by a nitrite, with 
the difference that whereas in ithe latter case (a) nitrogen is 
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formed, m the case of hydrazine (b) a z o i m 1 d o, HN 3 , is found 
among the products of the leaction — 

(a) NH 8 ,HC1 +Nah T 0 2 =hraCl+2H 3 0 + N 2 . 

(b) N 2 H 4 ,HC1 4- NaN0 2 = NuCl + 2H/) + II N a . 

N 

Azoimide Imidazoio Aoid HF 3 = IIN<;^ 

The above reaction is not a suitable one foi the preparation 
of this remaikable body, which, according to its discoveier, T. 
Curtius (Be> , win 3023), is best obtained by decomposing 
n 1 1 1 o s o-h i p p u r y 1 h y d r a z l n e, fiHBz CH 2 CO N(WO) NIL, 
with dilute soda, which splits it up into hippuric acid and the 
sodium salt of azonuide — 

NTILz CH 2 CO N(NO) NH 2 + SNaHO = NHBz.CII,, COONa + 
2H a O + Nahr 8 . 

On distilling the compound NaN 3 with dilute sulphuric acid, 
imidazoio acid volatilises with the stcaui, which when passed into a 
neutral solution of mtiate of silver gives a piccipitatc of the 
silver salt This is washed and decomposed by dilute sulphuric 
acid, the solution being used instead of silver mtiate to abaoib 
the vapours of nnidazoic acid By repeating this process, a 
solution containing 27 per cent of the now and is obtainable 

In the anhydrous stato, nnidazoic acid is a colourless gas 
of a pecuhaily nauseous odoui, and condensible on cooling to an 
extremely explosive liquid It is very soluble m water, and 
on distillation of the licpud a concentrated acid passes ovei, 
the distillate gradually becoming weakei until nu , acid of 
constant composition and boiling-point distils The solution 
reddens litmus, and gives white fumes with ammonia, of the salt 
NH g .HhT s or N 4 Il 4 , which sublimes completely at 100° C, lmt 
does not crystallise m the cubic system like ammonium ohloude 
Iron, sane, popper, aluminium and magnesium dissolve readily in 
dilute nnidazoic acid (7 per cent) with evolution of hydiogeu, 
and gold is dissolved with fonnation of a red salt The silt n 
(AgNjj) and mercurous t,alts of unidazmc acid are insoluble, 
the former closely lesemhlmg silver chloride, but not blackening 
iu the light . Both the silver and the inercuious salts are 
extraordmanly explosive, 0 001 gramme of the former indenting 
an iron plate on which it is heated to 250° Barium imida.oatc, 
BaN 6 , separates from concentrated solutions m short shining 
anhychous crystals, which explode with a gieen flash when 
heated, or exposed to a strong green light. The solution of cujii ic 
• imidcuoate deposits cuprous oxide on boiling The free acid is 
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liberated from any of the unidoazoates on treatment with dilute 
sulphunc acid With conccntiated sulphuric acid, the azonlude 
is itself decomposed JSthei s of imidazole aoid have been 
prepared, phenyl lmidazoate, PhH s , being identical with 
the diazobenzolimide previously described by Gr 1 e s s. 1 


SUBSTITUTED HYDRAZINES. 

HydrAzine is the parent of a large and important class of bases 
generally called hydrazines, one member of which, phenyl- 
hydiazme, (C a H g )HH NII 2 , has proved, m the hands of 
E E i s o li e r and others, a reagent of the highest importance, 
numeious recent syntheses in the sugar gioup having been effected 
thiough its aid By replacing a second atom of hydrogen by (fig) 
phenyl, secondary hydrazines may be obtained either 
symmetrical like hydrazobenzene, (O a H B )HN NH(C 6 H B ), 
or unsymmetncal like diphenyl hydrazine, (C 6 H 6 ) 2 HNH 2 
The lattei class resemble the tertiary aminos (page 18) m their 
power of reacting with the haloid salts of the alkyl ladicals 
(e g,, ethyl-iodide) to form liydrazomum compounds. — 
R 2 N NH 2 + AkI = IAkR 2 N NTI 2 
The liydiazmes containing fatty alkyl radicals are liquids boil- 
ing without decomposition', those of the aromatio series are readily 
fusible solids or oily liquids, and aie partially decomposed on dis- 
tillation Hydrazine itself and some of the fatty derivatives are 
di-acid bases , but the hydrazines of the benzene senes have all 
monobasic functions 1 

The hydrazines closely resemble the amines, but are dis- 

- 1 Fiom the ascertained chaiacteis of nmdazoio acid, and its analogy to 
hydiocyamo acid, Mendelejeff has formulated some very interesting piog- • 
nosticatious Just as ammonium foimate, when heated, yields foimanudo 
and the nitrile HCFT, so ammonium nitiate decomposes on heating with 
pioduotion of (an intermediate hypothetical nitiamido and) the mtule NjO, 
nitrous oxide 

Similarly, azoimide may be regarded as the mtule of dianimpmum oitho- 
nxtrato, thus — 

Foimate, . . HCO O.NH 4 -2H 2 0-IIC FT , hydiocyamc acid 

Meta-mtiate, . O.NO O.NH 4 -2H.0-FI0 FT , mtious oxide 

Ortho-nitiate, HO, NO (0 NH 4 ) a — 4H a 0 — HIT N a , nmdazoio acid 
It seems not impiobable that the ammonium salt of nmdazoio acid, ' 
NH 8 HK 3 , may prove convertiblointo its syirtmetucnl isonieride, IT FTH 3 , NH 2 FT, 
the mtule of tnammonuim ortlionitrate, NO(ONH 4 )(OFTH 4 )(OFTH 4 ), 
jvtst as ammonium cyanftte can be changed into uiea The existence oh 
explosive, colouied, double imidazoates is foretold by Mendelejeff. 
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tingmshed from the latter by their capacity of reducing Fehhng’s 
copper solution, m many instances at the ordinal y temperature. 
The product of the oxidation of the hydrazine is the corresponding 
amine Thus, d 1 e t h y l-li y d r a z in e, (C 2 H B )_,N.NH 2 , is oxidised 
to diethyl-amine, (G 2 H 6 ) 2 IIN. 

The general and special characters of the hydrazines nro 
sufficiently exemplified hy tivo typical species, e t h y 1-h y d 1 a z 1 n e 
and phenyl- hydrazine 


Ethyl-hydrazine. C 2 ir a N 3 = (C 2 n D )IIN NI r 2 . 

On treating di ethyl-urea with nitrons acid, a nitroso- 
compound is formed, which on leduclion with /me-dust and 
acetic acid is oonveited into a body called diethyl-aomicar- 
bazide. , ' 


CO 


f NH(C.,H 6 ) 

l nh(c;h 6 ) 


Dlethyl-nroa 


CO | 


NK(C 2 H 6 ) 

N(NO)(C a n 6 ) 


Nltioio compound 


CO 


f NIT(C 2 TI b ) 

( K(NH.)(C 2 H b ) 


Diethyl aomionrbaaWe, 


ThiB last body decomposes, on heating with stiong hydiochlonc 
acid, into e thyl-hy di azm e, ethylammo, and carbon 
dioxide — 


KII(C 2 TT fi ) CO N(1 n t I1,) 0 ,IJ b + IL, 0 = IIN (Nil ,)(C,,ll in ) + 
HMIT^CjlTg) + C0 2 

The ethylhydrazmo hydioehlonde is less soluble than the tin- 
responding snlt of ethylannue, and may bo separated fiom it by 
ciystalhsation 

Ethylhydrazme is a colourless, mobile liquid of ellxeieal and 
faintly ammomacal odoui It boils at 100°, and distils lindei (im- 
posed It is veiy hygroscopic, forming while fumes with moist 
an, dissolves in water and alcohol with evolution of lm.it, anil 
eon odes coik and caoutchouc 

Ethylhydrazmo gives Hofmann’s isonitrile locution for pnimuy 
amines with chloroform and alcoholic potash (page 7) Uioniiiio 
decomposes it with evolution of nitrogen, and it is also douuu- 
posed by nitrogen tnoxide. 

Ethylhydrazme is a very powerful deoxidising agent Tt leduces 
Ee tiling's copper solution at the uidmaiy tempeiahne, icdmes 
argentic oxido, and converts oxide of nievcmy into nieieiiric 
o t h i d e, Hg(C 2 Il B ) 2 It yields a hlaelc precipil ite with Kessler's 
solution, 

Ethylhydrazme leads with aldehydes, with evolution of heat, to 
form ethyl-hydiazideB, RCH-K 2 H(C;JI B ) 
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Potassium nnhydroBulphite, K 2 S 2 0 7 , reacts on ethylhydrazane 
to foim potassium ethyl-hydrazine sulplute, 
(€ 2 H 5 )HN-.FH(S0 8 K) ; 

which, on treatment with mercuric oxide, gives potassium 
diazo-ethane-sulphonate, C 2 H B N N (SO a E), a substance 
which explodes violently when warmed, and otherwise resembles 
the diazo-benzene-sulphonates (Part I page 137) 

DnsTHYL-HYDBAZiNE, (CgH^jN 1 NH 2 , is obtained by the reduction of 
the ni tr o s o-d ei 1 v a ti v e of diethylamine — (C 2 H 5 ) 2 N NO + 
2H 2 = (C 2 H s ) 2 N NH 2 + H 2 0 It hods at 98°, and closely resembles 
ethylhy drazine, but does not reduce Pehling’s solution unless the 
liquid is heated It unites with ethyl iodide to foim the body 
(C 2 H 6 ) s N 2 H 2 I, which on treatment with oxide of silver yields a 
stiongly alkaline solution of trietliylazoniuin hydroxide) 
(C 2 H 5 ) 3 N 2 II 2 OH, a powerful base analogous to tetietliylammonium 
hydroxide (page 20), and which, when heated with water, decom- 
poses into ethylene, diethyl-hydrazine, and water Meicunc oxide, 
even m the cold, conveits diethyl-liydiazme into tetraothyl- 
totrazone, (C 2 H 5 ) 2 N K N N(C 2 H B ) 2 , a colourless, strongly basic 
oil, volatile with steam and yielding a metallic miiror with 
ammomo-nitrate of silver 

Phenyl-hydrazine, C 0 H 8 isr 2 =(C e H 6 )HN NH 2 

Phenylhydrazine is piepared by the action of reducing agents on 
diazohenzene o o ni p o n n d s, C 6 n B N NX (Pait I page 176) 
Thus diazobenzene chloride may he leduced 'by the calculated 
amount of stannous chlonde and hythochlotic acid , or the potassio- 
sulplute with zinc-dust and acetic acid, the product being subse- 
quently decomposed by boiling with hydrochloric acid — 

C 8 H 6 HN NH SO3X +HC1 +B 2 0 = KHS0 4 + C fl H 5 HN M 2 ,HCL' 

Pheuylhydrazine is a yellow oil of a faint aiomatic odoui It 
solidifies at low tempeiatuiea to a crystalline mass, melts at 23°, and 
boils, with slight change and evolution of ammonia, at 241°— 242° 

1 Pheuyll]}drazine is best obtained, as dosenbed by Y M e y e r, by dissolving 
1000 paits of aniline 111 2000 paits of strong bydioeliloiic acid, cooling the 
solution by means of ice, and then slowly adding an ice cold solution of 76 
paits of sodium nitute in 400 e c of water. To the cold solution of di az 0 - 
benzene chlonde, C 5 H 6 N hf Cl, so obtained, t£ solution of 460 pai ts of 
stannous chlonde m an equal weight of hydiochlouc acid is then added The 
mixtiue soon sets to a white ajstalhne pulp of plienylhydiazme hydiocblonde, 
C fl HsItH a ,HCl, which is filteied oi 9tiamed off, and washed with a mixture of 
alcohol and ether The flee base is obtained b 3 r dissolving the hydrochloride 
in watei, adding caustic soda, and agitating with ether, winch is sepaiated and 
evapoiated The product may be puufied by distillation 
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It volatilises m a current of steam, but not 1 veiy readily Phenyl- 
1 hydrazine dissolves sparingly m cold water, moie readily in liot, and 
very readily in alcoliol, ethei, chloroform, and benzene 

Phenylhydrazme is readily oxidisahle, and becomes red and ulti- 
mately dark bt'own on exposure to air, fiom absorption of oxygen, 

Phenylhydrazme has well-marked antiseptic properties, and a 
O’l per cent solution of the hydiochlorido has been iccommended 
as a substitute for one of mercuric cliloiulo of equal stiength 
{Pit arm Join ., [3], xix 608). 

Under certain undetermined conditions, contact of plienylliydra- 
zme with the skin produces troublesome sores 

Phenylhydrazme has well-maiked basic properties, and forms 
well-crystallised salts The hydrochloride, piopmed as already 
described, ciyetalhses from liot water m small, thin, lustious plates, 
and is almost completely precipitated from its aqueous solution by 
concentrated hydroclilonc acid, a reaction by which phenylliydrazme 
may be readily sepaiated from aniline and several other bases. 

Solutions of the hydrochloride and othei salts of phonylhydrazine 
act as powerful reducing agents They reduce the salts of silver, 
mercury, gold, and platinum m the cold Fieshly-pieoipiUted 
mercuric oxide is reduced, a salt of dmzobenzrno being ropiodtirod 
Fehlmg’s solution is reduced in the cold, with evolution of mitogen 
and precipitation of cuprous oxide, aniline mid benzene being 

11 11 ’ " i 1 

'■ i hydrochloride he treated with a eold solution 

of potassium mtnto, a n 1 1 r o s o-c o m p o u n d, O 0 H (1 (il< ))N N If_, , 
separates in yellow lloclcs, which, on ticatmcnt with phenol and 
strong sulphnnc acid, yield a luown solution, elumging to gieen 
and blue Tins inaction, observed by L x e b e r m a n n, is common 
i to all inliDso-derivatives 

Phonylhydrnzino combines dncctly with carbon dioxide, carbon 
disulphide, and cyanogen The s u 1 p h o n i c a c i d (pain) is em- 
ployed for the preparation of iartiazm (Part II page 288) and 
uther dyes 

PHEXYr.nYDRxziOES. The acetyl-dcrivative of phenyl hydrazine, 
C 6 H B Hh T .NH(C 2 n B 0), which may bo regaidcil ns n c e t- [i h n n v 1- 
hydrazide, has poweiful antipyretic properties, ami has bean 
introduced into Geinmn pharmacy undei the name of " liydracetin ” 
The same substance is stud to be the active ingredient of I ho 
preparation known as “p y l o d m e” (7 'liana, Jnurn , [3], \i\- -125, 
608, 1049) Both substances seem to be uncertain m their action 
and dangerous m use ; m fact, hydiacetm is leported by It o n vers 
> to be a direct blood-poison, the antithermic pioperties of which 
are leally due to destruction of the led corpuscles. 
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“ Orthme” is the name given by E Kohert to a body having 
the, constitution of an orthohyclrazme-paraliydroxy- 
benzoic acid, — 

, f(OH)(i) 

c 6 h 3 - (HKBH/) 

(.(GO OH)W 

The free base is very unstable ; but the hydrochloude is stable, 
reduces the persalts of the heavy metals, and possesses a marked 
antiseptic action 

Phenylhydiazine m aqueous solution reacts very readily with 
the hydroxy -acids of the suga '■ ' ' • nd galac- 

tonic acids, C 6 H fl (OH) s COOH, , CjHuOy) 

with elimination of water, to form crystalline phenylhydi azides, 
E CO HE EH(C 6 TI 6 ) They are prepaied by treating a 10 per cent 
solution of the acid or its lactone with a moderate excess of phenyl- 
hydrazme and an equal quantity of 60 per cent acetic acid, and 
heatmg the mixture to 100° for 80 to 120 minutes The liydrazide 
sometimes crystallises from the hot solution, but more usually 
separates on cooling Any fiee mineral acid should be lieutialised 
by soda befoie adding the hydiazine, and bromides, chlorides, and 
sulphates should be got nd of by adding acetate of lead. If sugar 
be piesent, the osazone formed Can usually he sepaiated from the 
hydrazide by crystallisation from hot water. The products are 
beautifully crystalline, those deiived from monobasic acids being 
but little soluble m cold, and only with difficulty soluble m hot 
water, while those fiom polybasio i 1 ' ’ i ‘ 1 

and mucic) are still less readih ! > i 

isomeric acids usually present a close lesemblance m their physical 
properties, hut the acids from which they are derived can he 
legeuerated (in a pure state) by boiling the hydrazide for half an 
hour with thirty volumes of 10 per cent baryta water, which treat- 
ment hydrolyses them completely Prom the product, the phenyl- 
hydrazme is extracted by agitation with ether, and the aqueous 
liquid, with any precipitate which may have been formed, is boiled 
and treated with sulphuric acid in quantity sufficient to precipitate 
the barium as BaS0 4 The filteied liquid yields the free acid or 
lactone on evaporation (E l s chei and Passmore, JSei , xxii 
2728, Jam. Olmm /Soc,lvm 162) 

The hydrazides are eolouiless and readily hydrolysed by alkalies 
and baiyta They can he readily distinguished from the hydra- 
zones by the reddish violet coloration they give when dissolved 
in strong sulphuiic acid and treated with a drop of ferric, chloride 
solution 
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Hydrazones. Plienylhydinzine behaves in a highly Interesting 
maimer "With bodies having the constitution of aldehydes and 
ketones, with which it leacts with elimination of water to foim 
compounds cfdled hydiazones Most of the bodies of this class 
are solid and crystalline, and therefore well suited for the recognition 
of the aldehydes oi ketonos producing them. The reaction appeals 
to be geneial for bodies containing the carbonyl group, CO 
The reaction is sometimes complicated by the picsencu of other 
reactive groups Thus compounds containing the n-ketono- 
aloohol grou p, — CH(OH) CO — , leact in the cold with only 
one molecule of phenylhydrazme to form colourless compounds 
containing the group — CH(OH) 0 (1ST NHC r H 0 ) — 

Osazones When the compound thus formed is heated with 
excess of phenylhydrazme, the alcohol group undergoes dehydio- 
genisation, leading at the same time with a second molecule of 
phenylhydrazme and giving rise to a yellow compound containing 
the complex group, — C(N.NIIC 0 H B ) C(N NHO 0 H B ) — Compounds 
of this kind, m which two hydrazine-residues are attached to two 
contiguous caibon-ntoms,are called osazones, and may ho obtained 
directly by the action of phenylhydrazme on the di-kotonos Tlioy 
are of interest in connection with the carhohydiates, which may 
frequently be lecogmsed by means of their characteristic osazoims 
(E Fischer, Bei , xvn 579, xx 821). VonJaksch (Jour 
Clicm Soc., 1 744) recommends a solution of phenyl hydrazine hydro- 
chloride containing sodium acetate for the detection of sugar m m mi' 

Pyrazoliotss An unsotinated hydiocarhon group (r 17 ., ally], 
CjHg), if contiguous to the carbonyl group, may also react with 
phenylhydrazme — N ^ 0 T] . 

ch 2 CHCoii+c 6 n B ni 7 NH 2 =]j a o+ 11 I 05 


Pyrazolones. 

The pyrazolonos are derivatives of a body of the formula 
C3H4N2O, the synthesis of which has been effected by 1! a 1 h i a n o 
(Ber , xxiii 1103) The relationship of pyrazolone to pyiaznl, 
pyrazoline, and pyrazme is shown by the following fornudm : — 

Purazol Ppazohtie Pyranilonr, I’urazuv I 

ttj^- ( N CH ) tjjt / N ('II 1 ( N till ) 1 N IL ( 'll 1 1 

| CH OH } HN \OH 2 OILj IIN \ CO CIIj J nN I Cli;cil s 7 
1 Tins body must not be confounded with pincina, which was furmnly 
called pyrazmo, and piob'ihly lias the constitution : — 

/CII’CIK 


L, T. M 
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Phenyl-pybazolone, C b H 5 C s H 8 N 2 0, is obtained by heating 
phenylhydrazme and lodopropiome acid together to 100°, and treat- 
ing tho product, in. chloroform solution, with mercuric oxide. 
Phentl-methtlptbazolonb, C 10 H 10 N a O , 

kc 0 h 6 

f ] 0 

CH a c — cn 2 

’When phenylhydrazme is added to ethylic aceto-acetate, 
CH a CO CH a CO 0(C 2 n 6 ), the two bodies react m the cold, with 
elimination of water, to form CH 8 C(U NHPli)CH 2 00 . 0 ( 02115 ) 1 
On boating, the hyilrazone thus formed splits up into alcohol and 
phenyl-methylpyiazulone, a body which was oiiginally regarded by 
its discoveier, Knorr, as a methyl-oxyquinizme 

To prepaie phenyl-methylpyiazolone, 100 paits of phenyl-hydra- 
zme are added to 1 25 of ethyl aceto-acetate, the watei which fonns 
is separated, and the oily product is heated foi two hours on a 
water-bath, until a portion is found to solidify on cooling, or on 
the addition of ether The warm mass is ponied into and stirred 
with ether, which removes colouring matter, and the white crystal- 
line product washed with ether, and dried at 100° The yield is 
quantitative and the product pure It is almost insoluble m cold 
water, ether, and petroleum spirit, moie readily m hot water, and 
easily in alcohol It crystallises from hot water or alcohol in hard 
brilliant prisms 2 The hydrochloride, C 10 H 10 N 2 O,HCl + H 2 0, melts 
1 Antithemiin When an aqueous solution of levnlimc acid (aceto-pro- 
pioiue acid), CH 3 CO GH 2 CH a COOH, is added to an equivalent amount of 
phenylhydrazino, dissolved m dilute acetic aud, a yellow piecfpitafe is pioduced 
of the h y d r a z o n e, CH S C(N NHPh) CH S OH*. COOH When reorystolhsed 
from alcohol, this body forms large colourless, odourless ciystnls of a slight bitter 
taste, melting at 98°-99°, and nearly insoluble in watei, but soluble in alcohol, 
ether, and dilute acid It lias met with a limited application as an antipyietio 
undei the name of antitheimm It is decomposed by alkalies with 
hboiation of phenylhydiazme. to which fact it piobably owes its physiological' 
activity 

0 When a mix true of phenylmethyl- pyrazolone and phenylhydiazme is 
heated to boiling, disphenyl-methylpyiazolono, QmH^NjO.,, is 
formed. Heated with methyl alcohol or methyl iodide it yields dianti- 
p y r l n e, 0 2a H 22 N 4 0.,, melting at 246°, and distinguished from antipyrine by its 
spanng solubility in watoi and the melting-point of its piciate (161°) When 
the body C SQ Hi 8 N 4 0 2 is treated m alkalme sohition with excess of sodium 
nitrite, and the mixtuie poured mto dilute sulphuuc aoid, pyrctzol-blue, 
C m U 16 N 4 0 8i separates in Hooka When crystallised horn chloioform it fowls 
blue needles, insoluble in water, dilute acids, and alkalies, and only spaungly 
soluble m alcohol and ether Its solutions in ohloroform and strong sulphuric 



PHENYL-DIMETHYLTYBAZOLONE 


at 96°, and the chloroplatinate, (C 10 H 10 N 2 O) 2 H 3 PtC!„ + 4H 2 0, m 
prisma melting at 110° Phenyl-mebhylpyrazoloue yields crystal- 
line precipitates with salts of many of the heavy metals. With 
silver nitrate an aqueous solution gives crystals of C ]0 TI p AgN. i! O + 
C 10 H l0 N 2 O. The ultramarine eohalt compound and the orange- 
yellow uranium salt are especially characteristic 

Phenyl-dimethylpybazolonh AuTiprnm'is Pjtenazone 


C u H 12 N 2 0 = C 3 N 2 H(C 6 H 8 )(CH 3 ),0 [Ph . Me . Me = 1 : 2 • 3]} ' 1 


or, CO 


f CH • CMe 
[ NPh.NMe 


or, C e TI, N. 


f N(CH,).C(G1I,) n 
l co cir •][ 


When phenyl-methylpyrazoloue is hent'cd with methyl iodide, a 
further substitution takes place, with formation of phenyl-dimethyl- 
pyiazolono, a substance known gcneially as “ a ti t i p y r i n o,” less 
commonly as "analgesm,” and called in tho additions to the 
British Pharmacopoeia (1890), phunamw It is official in the 
Gentian Phai maoopana of 1890 under the name of Autipyi mum 

Antipyrmc is prepared by boating equal pints of phenyl-methyl* 
pyrazolone, methyl iodide, and methyl aliohol to 100° m a closed 
vessel The dark product is dceolousud by boiling with sulphurous 
acid, the alcohol distilled off, and tho msidue shaken with stinng 
soda, when the base sepal ates as a heavy oil This is sep.uatod 
and treated with ether, in which it is spamigly soluble On 
separating the ether and evaporating off the solvent, the mitqiynne 
is obtained as a mass of crystals which aie punhcd by lccrystallisa- 
lion from toluene 

Ail tipy nne forms small, lustums, rhmiiluc needles or plains, 
winch are odouiless, but have a somewhat letter liisfe When 
peifectly anhydrous it melts at 110" to 112" (BP, 1 10\ UP, 
113°), but on oxposuie to air takes up a sin ill pinpmhon (0 (i pei 
cent) of water, and in th.it state melts at 10 j°-I 07'(J, Tin* 
hygroscopic water may he driven off by exposing the sithslam e to 
a teinpeinture of 100°, when the original melting-point is lestmcd. 

Antipyrmo is soluble m about its own weight of cold wafer, and 
m less than half its weight of boiling water. It dissolves in twice 


acid has an indigo klne oolour, and gives an abruption ‘ipirtiuut ivicmhling 
that of indigo It is not a substantive dye, is decomposed by sluing all alios, 
decolonsed by chlorine and mtuo aud, and aonvei tell into displn’inl-iueLliyl- 
pyiazolone by leduoing agents 

1 Two isomas of antipyime have been piopniod, mid otlais an- ciptlile of 
existing The known lsamoie dilfei fiom antipyrmc by being li -,s wdublu m 
water, not yielding nitioso-deiivatives, and by giving methyl aniline either 
Vben distilled with zme dust or heated with hydrotliloiio add to 200" under 
pressure. 
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its -weight of absolute alcohol, but in little more than its own 
weight of rectified spirit Antipyrme is soluble in. an equal weight 
of ainylic alcohol, and m one and a half times its weight of chloro- 
form, but requires about fifty parts of ether for solution, is 
difficultly soluble m benzene, and nearly Insoluble in petioleum 
spirit. 

On adding strong caustic soda to an aqueous solution of anti- 
pyrme, the base separates as a milky precipitate, which speedily 
collects into oily globules On adding a little ether, these imme- 
diately solidify to white crystals without appreciably dissolving, but 
they dissolve instantly on adding chloroform (J G Waterhouse) 
An aqueous solution of antipyrme exhibits no alkaline reaction 
with litmus or phenol-phthalcm, but destroys the red colour of an 
acidulated solution of methyl-orange. Free antipyrme may be 
determined with accuracy by titration in aqueons or alcoholic solu- 
tion with methyl-orange. 

Antipyrme is a strong monovalent base Its salts, most of 
which are soluble, do not readily crystallise, with the exception of 
the picrate (melting at 188°); the Jerrocyamde (C n H 12 N 2 0) 2 „ 
H 4 Cfy, which forms a crystalline precipitate, the cMoi oplatinaie, 
(Gi 1 Hj 2 N 2 0) 2 ,H 2 PtGl ( , + 2H 2 0, which forms yellowish-red prisms 
melting at about 200“ , and the salicylate (page 37) 

When antipyrme is heated with hydrochlonc acid under pressure 
to 200°, it suffers complete decomposition, yielding much aniline 
and a Bmall quantity of methylamine, besides other products 
On distillation with zinc-dust it yields benzene, aniline, a 
base boiling at 86°-87 0 , and other products. 

Antipyrine is unchanged by treatment with leducmg agents in 
the wet way, hut with oxidising agents it gives a series of interest- 
ing reactions (Gay and Fortune, Pharrn Jour,, [3], xviu. 
1066) Thus when boiled with potassium chlorate and hydro- 
chloric acid, antipyrme gives a reddish-yellow liquid, which on 
cooling deposits bright-red oily globules, taken up by chloroform 
with greenish-yellow colour A solution of bleaching powder pro- 
duces no change in the cold, hut on heating a brick-red precipitate , 
is formed, and the liquid is coloured yellow. Sodium hypochlorite 
is said to give the yellow coloiation on heating, without any pre- 
cipitate being formed Chlorine-water produces no change, and 
bromme-w ater a light yellow precipitate, dissolving on heating 
Potassium bichromate and permanganate are reduced by acid solu- 
tions of antipyrme 

When a solution of iodine m iodide of potassium is added to a 
solution of antipyrme, a precipitate is formed which disappears on 
agitation, leaving the solution colourless , hut on fmthex addition of 
von III PAHT II 0 
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the reagent a permanent hnck-red precipitate is pi minced, per- 
ceptible in a dilution of 1 m 20,000. According to Manseau 
(Pham. Jom , [3], xx 162), the point at winch a permanent 
precipitate is formed is perfectly definite, nnd he suggests that 
the purity of a sample can be ascertained by titration with a 
standard solution of iodine Millard and Stark ( Phaim . 
Jour, [3], xx 863) find that the point of permanent precipita- 
tion depends to a marked degree on the dilution of the antipyrmo 
solution. Thus m a 1 per cent solution, 1 gramme of antipyrmo 
gives a permanent precipitate after the addition of 3 9 c.c. of 
deemormal iodine, while with twice the volume of wator 7'2 c c, 
are required The authois state that more concordant results are 
obtainable by using starch as an indicator of the end of the re- 
action They dissolve 0'5 gramme of the sample of untipyrine in 
200 c e. of water, add plenty of starch solution, and then drop in 
deemormal iodine solution gradually until a distinct blue coloration 
is obtained, which does not disappear on vigorously shaking or 
stirring the mixture. E M u n z e r lias described an wlo-anti - 
pi/rine, C 11 H 11 IN 2 0, which forms colourless, tasteless needles, melt- 
ing at 1 00° 

An acid solution of mercuric nitrate gives a white precipitate 
with a solution of antipyrmo 2 oc of Millon’s reagent and 
4 cc of a 1 per cent (noutral) solution of antipyime give a 
white pieeipitate in a yellow liquid, m a solution acid with 
hydrochlonc acid, a yellow pieeipitate m an orange-yellow liquid, 
the precipitate eventually becoming rod In a solution ton times 
more dilute a yellow precipitate and green liquid result, and m mi 
acid solution of 1 pait of antipyrme in 20,000, a white precipitate 
and yellow liquid 1 ce of a saturated solution of nicieuious 
nitrate added to twice its measure of a 1 per cent solution of 
antipyrmo gives a yellow precipitate floating on a blood-red liquid 

If antipyuno he heated with strong nitric acid till reaction 
commences, and the liquid he then allowod to cool, n fine purple 
coloration is produced; on adding water a violet precipitato is 
thrown down, and the filtered liquid is purple-red 

Nitroso-antiivjnne Several of the foregoing reactions are 
probably due to the presence of nitrous acid, which (if added in 
the form of red fuming nitric acid) gives with a 1 per cent 
solution of antipynne a beautiful green coloration, still perceptible 
when diluted to 1 m 20,000 ; when the liquid is heated it 
becomes purple red In stiong solutions a copious formation 
of small, green, needle-shaped crystals occuis These consist of 
isonitroso-antipyrmo, C U 11 11 (NU)N 2 0, and are best 
obtained by adding a solution of sodium nitrite to a solution 
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of antipyrme in acidulated water. The liquid at once becomes 
bluish green in colour, and an abundant formation of crystals 
speedily occurs. These may be washed with cold water, and 
driod at the ordinary tempeiature. 1 Nitroso-antipyrme explodes 
when heated to about 200°, is neaily insoluble m water and 
dilute acids, soluble in alkalies and m acetic acid, moderately 
soluble m alcohol, and sparingly m chloroform and ether By 
treatment with zinc and acetio acid it is converted into an oily 
base 

The green coloration of antipyrme with nitrous acid is delicate 
and, to a certain extent, characteristic, but is common to all 
pyrazolones A C S t a i k recommends that the test should he 
applied by dissolving potassium nitrite m a test-tube m a little 
water, adding excess of strong sulphuric acid, and then filling 
the tube with the liquid to he tested' 

Antipyrme dissolves without colour m pure anhydrous ethyl 
nitrite, but a green colour is immediately developed on addition 
of water When antipyrme is added to spirit of nitious ether 
containing free acid, the mixture lapidly acquires a dark-green 
tint, and green needles of nitioso-antipyrme separate. The 
reaction (which doeB not occur if any free acid be neutralised 
by potassium bicarbonate) denves practical importance fiom 
the fact that spirit of nitrous ether and antipyrme are not 
infrequently dispensed in conjunction A mixture of the kind 
is alleged to have been fatal to the patient, hut it is very 
doubtful if the nitroso-denvative of antipyrme was the cause of 
death , for direct exhibition of the compound to a small rabbit, 
both hypodermically and by the stomach, in doses commencing 
at | gram, and gradually increased to 4 grams, produced no 
perceptible toxic effect {Pimm Jow , [3], xvm 1085) Similar 
experiments have been made on dogs {Phaim. Jour., [3], xix. 
807) 

Antipyime gives a very delicate and charactenstic reaction 
with feme chlonde, which, m a 1 per cent, solution, produces 
a blood-red coloration The reaction is still very distinct m a 
solution of 1 m 2000, and perceptible at a dilution of 1 m 
50,000 The red coloiation is destroyed by excess of mineral 
acids The reaction is at once given by urine containing anti- 
piynne. 

On mixing cold aqueous solutions of antipyrme and mercuric 

1 The liquid filteied irom the oiyatals giaduolly changes colour from 
green to blown, and after standing foi some horns is found to smell of 
hydrocyanio aoid, hut the quantity of this body formed appears to be 
veiy minute (Wood and Mai shall, Pham Jour , [3], xix. 8001 
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chloride, a white precipitate is formed. On boiling the liquid 
this disappears, but on continued boiling a brown resmoid sub- 
stance is deposited, winch, when separated, is found to be soluble 
in hot alcohol and m nitric acid, and is coloured scarlet by stiong 
sulphuric acid 

Antipynne leacts m the general niannei of alkaloids Thus, 
m acid solutions it gives a yellowish-white piocipitate with 
Mayei’s reagent, and the same with Marin us test (potassio- 
cadmium iodide) j a green precipitate changing to orange-ml 
with potaasio-iodido of bismuth, an abundant reddish-yellow 
precipitate with Nessler’s reagent ; a white with phosphomolylidato 
of sodium ; and an abundant white precipitate with tannin, 1 

According to tho German Pharmacopoeia, tlie solution of 
antipynne in two parts of water should be neutral, free from 
acrid taste, and not changed by sulphuretted hydrogen water 
A 2 per cent solution should give a white precipitate with 
tannin, and on addition of two diops of faming nitric acid 
to 2 oc. of the solution, a green coloration should occur, 
changed to red on boiling and adding anothor diop of nitric 
acid, 2 c c of a 0 2 per cent solution gives a deep red colour 
with a drop of ferric chlonde solution, changed to bright yellow 
on adding 10 diops of sulphuric acid Similar tests are given 
m the additions (1890) to the British PJiarmacnpaiia, m which 
antipynne receives the designation “ phennzoue ” 2 

Antipynne has now an established position and wido applica- 
tion in medicine. Although originally mtioduced as a febrifuge, 
it is talcing a still higher place as an anodyne Given in 10 
to 20 gram doses m cases of bilious and nervous headache, it 
often effects a remaikably rapid and perfect cure It has been 
usefully injected hypodermically m 8-giam (loses as a substitute 
for morphia, and foi the relief of pain m acute and clnonic 
gout, neuralgia, sciatica, &c The subcutaneous injection of 
antipynne is said not to be followed by drowsiness, vomiting, 
or excitement It is stated to be almost a specific in puerpmal 
fever It lias been found valuable as a liasmostatic, and has 
proved successful m some cases of son-sickness, but by no 
means invariably. Antipynne causes an almost immediate re- 

1 The reaotions described, m tlio text Biifheiontly indicate the plianimmitical 
preparations with which antipyuno is incompatible, Tims it should not bo 
dispensed m a mixture with mtno acid, mtntos, ehlmal liydiate, solid sodium 
salicylate, oarboho acid, tannin, iodine, moicmic ohloiido, salts at non, 
permanganates, or tinctures oi infusions of catechu, cinchona, roses, galls, 
rhubarb, &o (see Millai d and Stark, Phann Join , [3], xx 800) 

a Antipynne has been adultoiated with acetamlido (see pago 72). 
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duetion m the temperature of the body (apparently from its 
influence on the bram-centres regulating the temperature), the 
effect continuing fiom four to six hours. It induces sweat- 
ing and feeble pulse, and m excessive doses, or even small 
doses in certain cases, an eruption resembling nettle-iasli, occa- 
sionally with vomiting and collapse. 1 Atropine has been found to 
act promptly as an antidote. 

Antipyrme may be detected m the urine for eighteen to 
twenty-four hours after it is taken by the stomach, hut can be 
detected only for a few hours m the different organs It has 
been detected, after putrefaction for a fortnight, in animals killed 
within two hours after its administration, either by the stomach 
or hypodermically. 

Antipyrme is readily extracted from animal matters, by rendering 
the liquid ammomacal and agitating it with chloroform or amyhc 
alcohol. 

Antipyrme Salicylate, C u H 12 N a O , C r H G 0 2 . If salicylic acid be 
giadually added to a dilute boiling solution of antipyrme, anti- 
pyrine salicylate separates as a yellowish oil The compound can 
he more conveniently prepared by heating equivalent proportions 
of antipyrme and salicylic acid with a little water to 90°, or by 
shaking togethei an aqueous solution of antipyrme with an ethereal 
solution of salicylio acid, when the salt separates in fine crystals 
Antipyime salioylate melts at 89°-90° C, and decomposes at a 
somewhat higher temperature, dissolves in 280 parts of cold water 
more freely m hot, and readily m alcohol, ether, chloroform, and 
carbon disulphide, The aqueous solution is faintly acid in reaction, 
and has a sweet taste and bittei after-taste. It gives a violet colora- 
tion with ferric chloride, and green with nitrous acid. Salicylate 
of antipyime has been employed with favourable results in medi- 
cine under the name of “ s a 1 i p y r i n ” A mixture of antipyrme 
and salicylate of sodium gradually changes to an oily liquid on ex- 
posure to air. The change, which does not occur m a closed, bottle, 
appears to be simply due to absorption of moisture by the salioylate 
and the solution of the antipyrme m the water thus absorbed. 

Antipyrme becomes pasty when mixed with betanaphthol, and 
appears to form a compound with phenol. Tinder the name of 
“reso pyrin,” Portes has described a compound obtained by 
mixing solutions of molecular proportions of resorcinol and anti- 
pynne. It crystallises in oblique rhombic prisms, insoluble m 
water but soluble m alcohol. 

1 The exhibition of antipyime is unsafe when the heait is weak. A case 
inhere seveie symptoms were pxodueed by a dose of 1 giamme has been 
recoided by Sohivahs ( Pharm . Jam., [8], xx. 1069). 
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Chloral- Antipyrine, C n H 11 (C 2 H 3 Cl 3 0)liJ' 2 0. When dilute solu- 
tions of chloral hydrate and antipyrine are mixed no perceptible 
reaction occurs, hut on concentrating the liquid, 01 on mixing stiong 
solutions of the two substances, a separation of oily globules takes 
place, and these immediately or gradually change to a mass of 
crystals of chloral-antipyrme The same substance may be obtained 
by heating molecqlar proportions of chloral hydrate (165 5 parts) 
and antipynne (188paits) to 110°-115° C The reaction consists 
m elimination of water and substitution of the group CC1 3 CH(OH) 
for one of the hydrogen atoms of the antipyrine, 1 but whether the 
replaced atom is one of those of the methyl gioups, or the hydrogen 
atom of the CH group, is not definitely decided (compare Phai m 
Jour , [3], xx page 862 with page 889) 

Chloral-antipyune, also called h y p n a 1, ciystalkscs from alcohol 
m hard scales and from watei m transparent rhombs It melts at 
67°-68°, is almost odouiless, and has a saline taste with an aftei- 
taste suggestive of chloral It is only slightly soluble in cold 
alcohol, ether, and chloroform, but somewhat moie soluble in boil- 
ing alcohol, and is dissolved by about eight parts of wairn water 
The solution reduces Folding's solution on warming, gives the 
blood-red reaction of antipyrine with ferric chloride, and yields 
chloioform when healed with ddute caustic alkali. When chloral- 
antipyune is kept m a melted state for some time, it deposits 
crystals of a dehydration compound, which is insoluble in water, 
melts at 186°-187°, and gives no colour-ieaction with ferric 
ohlonde According to Reuter (Pham. Jour, [3], xx 602) 
chloial-antipynne is physiologically inert, but B a r d e t found doses 
of 1 gramme to induce sleep as readdy as chloral hydrate, while in 
cases of insomnia caused by pain it seemed to have the same 
anodyne effect as antipyrine Schmidt buds the monoehloral- 
denvative to have more decided soporific effect and a less deleterious 
influence on the circulation than antipyune. 

JBichloral-Anhpynne is obtained by heating antipynne with 
excess of a Btrong solution of chloral hydrate, when an oily layer 
is formed, which solidifies to pnsmatic crystals melting at 67°-68", 
soluble with some dissociation in ten parts of cold water, and giving 
the reactions of chloral-antipyrme 

1 Butyl-chloral behaves similarly with antipyrine, 



BASES FROM TAR. 


The numerous constituents of tais may be roughly divided into — 
(a) Indifferent Bodies • — as Hydrocarbons , 

( h ) Acid Bodies . — as Phenoloide and Acetic Acid ; and 
(a) Bases — as Ammonia, Aniline, Pyridine, &c. 

The principal members of the fiist two gioups have alieady been 
consideied at length Ammonia is beyond the scope of present 
woik, and the remaining bases which lequire consideration all 
belong to the aromatic gioup They may be arranged , m several 
gioups, each one of which is represented by a typical member 
Thus ■ — c nii, 

1 Aniline, or Amido-benzene, C 6 n B NH 2 , or 

HC 

CH 

OH C NHj 

2 Haphthylamme, or Amido-naphthalene, 

C 10 H 7 NH 2 , or . . . 


3 Pyndme, C 6 H 6 N, or 


4. Quinoline, C fi n 7 N, or 


OH N OH 






OH OH CH 
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ANILINE. 


Prom these formula it appears that the substitution of nitrogen 
is outside the ring m the case of aniline and 1 naphthylamine 
On the other hand, pyridine, quinoline, and acridine are derived 
from benzene, naphthalene, and anthracene respectively, by the 
substitution of N for one of the CH groups of the closed chain 

Naphthylamine does not appeal actually to exist m coal-tar, and 
aniline occurs m tar m very limited quantity ; these bases are 
obtained synthetically from constituents of coal-tar. 

Besides the foregoing typical bases and their allies and derivatives, 
certain volatile bases (eg, piperidine, conme, nicotine), ordinarily 
prepaied from plants, and therefore classed with other vegetable 
alkaloids, have a connection with pyridine or qumolme which is 
now fully demonstrated. 


ANILINE AND ITS ALLIES. 

Aniline is the typo of a large numbei of organic compounds of 
synthetical origin 

Aniline has the constitution of a mono-amidobenzen e 
or mono-phenylamme, and may be regarded as originating 
m the replacement of one of the hydrogen atoms of the benzene- 
ring by the group amidogen, NH a , or one of the hydrogen 
atoms of ammonia by the radical phenyl, C fl II s Thus . — 

C a H 6 NH 2 , or (C 6 II 8 n 

H VN 

H J 

Aniline exists m minute quantity in coal-tar, but is ordinarily pro- 
duced by mtrofymg benzene, C 6 H 8 , and reducing the resultant 
nitrobenzene, C e H s N 0 2 , by nascent hydrogen. 

If the treatment; with nitric acid be earned further, d 1 n 1 1 r o- 
benzene, C 6 H 4 (N0 2 ) 2 , is produced, and this by reduction is 
converted into meta-phenylene-diamme or meta- 
diamido-benzene, C 0 H 4 (NH 2 ) 2 . 

If the reduction of nitrobenzene be effected by alkaline reagents, 
two molecules coalesce, and azobenzene, C 0 H 6 .N . N.C 0 H 6 , is 
pioduced. On further treatment of this (especially m alcoholic solu- 
tion)^ is convertedmto hydrazobenzene, C a H 6 NET.NH C ft II c , 
which by intramolecular change is transfoimed into benzidine or 
di-p a ra-ami do-diphenyl, NH 2 C 6 H 4 C 6 II 4 NH 2 . The re- 
lationship of aniline to the allied bases 1 is shown below . — 

1 Hydrazobenzene has no basic propel ties. 
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Amin e (Aniidobenzeiie), Aniline Aniline (Phonylamine) 

nh,.c 6 h 4 .h c 8 h b nhh c 0 h b nh.h 

Phcnylane diamine PhenyViyimzine. Diphenylcirmne 

NH 2 C 0 H 4 NH 2 C 0 H B NHNH 2 C 0 H b NHC 6 H 6 

Benzidine Hydrazobenzcne 1 Sydutzobe'iuene * 

NH 2 .C fl H 4 .C a H 4) NH 2 C a H B NH.NH C 8 H B C fl H B NH.NH C 0 H 6 
Aniline forms two classes of homologues The true homo- 
log u e s (Class A) coexist with aniline in coal-tar, and are derived- 
from aniline by the substitution of one or more methyl groups for 
a corresponding number of the hydrogen atoms of the benzene 
nucleus They are ordinarily obtained by nitrofying the corre- 
sponding hydrocarbons prepared from coal-tar naphtha, and reducing 
the lesultant nitio-denvatives. Thus — 

Hydrocarbon N itro-donvative Amido derivative 

Benzene — Nitrobenzene — Aniline — 

c 0 h b h c 0 h 6 no 8 c 6 h b nh 2 

Toluene — Nitrotoluene — Toluidme — 

C 6 H 4 (CH 8 ).H C e H 4 (CH 8 )N0 2 C 0 H 4 (CH 8 )NH 2 

Xylene — Nitroxylene — Xylidme — 

C 6 H 8 (CH 8 ) 2 H C 6 H 3 (CH 8 ) 2 .N0 2 C 6 II 8 (CH 8 ) 2 NH 2 

Cumene — Nitrocumene — Cumidine — 

C 6 H 2 (CH 8 ) 8 H c 0 h 2 (ch 3 ) 8 no 8 c a H 2 (crr a ) 8 NH 2 

Isomeric modiflcations are known of all the members of the series 
except those m the first line (page 51 et seq ) 

The pseudo-homologues of aniline (Class B) are derived 
from aniline by the replacement of one or both of the hydrogen 
atoms of the amido-group by methyl or other alkyl radical. Similar 
substitutions oan be effected in the amido-groups of toluidme, 
Xylidme, &c. 

These alkylated anilines (Class B) are obtained by the action 
of methyl chloride or other alkyl salt on aniline, or of the 
corresponding alcohol on the hydiochlonde or other salt of 
aniline (see page 73). Paratoluidme has also been obtained m a 
very interesting manner by heatmg the hydrochloride of mcthyl- 
anilme 2 to 350° C m a sealed tube, when change of position 
of the atoms within the molecule takes place thus — • 

C«H 6 ) C 6 H 4 (CH 8 )') 

CH g VN = H >-N 

H ) H ) 

Methyl aniline Para toluldine 

1 Hydiazobenzene has no basic pioperties 
- 2 If the hyduodide of methyl aniline be similarly treated, ortho oi meta- 

toluidme is obtained, 
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By the same process methyl-toluidme may he converted into 
xylidms, and this hy consecutive steps into a pseudo-eumidine, 
isoduridme, and anudo-pentamethylbenzene (page 60), By treat- 
ing aniline hydrochloride with aniline, diphenylamine or 
phenylanilme, C 8 H 6 NH(C fl H fi ), is obtained 1 (page 7 9 ) 
Substitution of the hydrogen atoms of amhne and its homologues 
can also be effected by acid or chlorous groups, both in the 
benzene-nucleus and m the amido-group In the lattei case the 
derivatives arc called anilides (page 67), and are quite different 
from the bodies resulting from the substitution of chlorous 
radicals for the benzenic hydrogen In the compounds of the 
latter class, the basic character is either much weakened or entirely 
dostioyed Most of the deiivativos exist m several isomenc modi- 
fications, accoidmg to the position of the substituting ladicals m the 
benzene-nucleus Examples of the bodies of this class are — 
Amline-sulphonic acid or sulpliamlic acid, C c H 4 (S0 3 H) NH a 
(page 49) 

Ni tramline, C 6 H 4 (N0 2 ) NH 2 (page 50) 

Bromaiuluie, C 6 H 4 Bi NH 2 
Trichloramline, C 6 H 2 C1 3 NH 2 . 

Mixed substitution-products, belonging at once to two or more 
of tbe foregoing classes, are obtainable by suitable means As 
examples may be mentioned . — 

Paranitracetamhde, C 0 H 4 (NO 2 ) NH(C 2 H e O) 

Paiamtroso-dimethylamline, . C 8 H 4 (NO) N(GH^) 2 
Paianitroso-dimethyl-paratoluidme, C 0 II S (CH 3 )(N 0).N (CH 3 ) 2 
The more important of the allies and derivatives of aniline 
foimulated on this and the preceding pages are described m 
greater detail in the sequel. 

On treating aniline, and also many of the above-mentioned 
homologues and derivatives, with oxidising agents, a senes of 
brilliant colouring matters are obtained, winch form the well- 
known “aniline dyes” (Parti page 214 et sey ). 

By the action of nitrous acid, or a nitnte, on a cold solution 
of a salt of aniline a salt of diazobenzeneis obtained This 
and the allied products obtained by similar means fiom the 
homologues and analogues of amlrne form the starting-point of 
the numerous and important colouring matters known as the 
“azo-dyes” (Part I. page 176 efseg) 

1 Diphenylamine and aniline hydrochloride cannot be caused to leactwith 
formation of tnphenylamme, (0 8 H 6 ),N , hut this body oan bo obtained 
by the action of mono-brombenzene on di potassium aniline — 

2C # H s Br+C a H„ NK 3 -(O fl H B ) s Ni 2KBr, 
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By the action of leducing agents on the salts of diazobenzene, 
phenylhydrazine, C B H 6 NII(NH 2 ), is obtained. The body 
has already been fully described (page 27) 

Aniline . 1 Anudobenzene Phenylamma. 

c 6 h 6 ) 

C a HjK = C 0 H,NII 2 = H In 

H j 

Aniline occurs to a limited extent ready-formed m the products 
of the distillation of coal, bone, and peat Of late years a small 
quantity has been actually recovered from coal-tar naphtha, but 
almost the whole of it is obtained mduectly from coal-tar by 
the action of a reducmg agent on mtiobenzene (“Aniline Oils,” 
page 60) Aniline may also be obtained by passing ammonia and 
benzene vapour through a red-hot tube — C 8 H 6 +NH„ = H 2 + 
C 0 II 7 N. It is also formed together with diphenylamme by 
the reaction of phenol and ammonia The best yield is obtained 
by heating phenol to about 330° for twenty hours with ammonium 
chloride and magnesia or oxide of zinc (oi ammonio-zmc chloride, 
Zn(NH s ) 2 Cl 2 ) Aniline is also obtained by numeious other 
reactions 

Aniline may be purified by fractional distillation and conversion 
into the acetyl-derivative. This is recrystallised from water, 
and on saponification yields pure aniline 

Pure aniline is a colourless, oily liquid, of faintly vinous odour 
and aromatic, bummg taste It refracts light strongly, but has no 
rotatory action Aniline, when very puie, fieezes at 8° C , but a 
slight admixture greatly reduces its solidifying point It boils at 
183°-184° C, and distils unchanged. 

The specific giavity of aniline is 1 0379 at 0° and 1 0216 at 
20°, compared with water at 4°, and 1 0242 at 15°, compared 
with water at the same tempeiature The coefficient of expansion 
is 000818 

Aniline becomes yellow or brown on exposure to air and light, 
especially at elevated temperatures, a resinous body being ulti- 

1 Anilme was first obtained m 1826 by U n v e r d o r b o n by the dry distilla- 
tion of indigo, and received the name crystalline Bunge in 1884 obtained 
it fi om ooal-t&r, and termed it Tcyamol. The name aniline is due to F i 1 1 a o h e, 
who in 1841 obtained it by distilling indigo with caustio alkali. Tho name 
lenxidam was given it m 1842 by Zinin, who prepared it by reducing 
mtiobenzene by sulphuretted hydrogen The name phenamide has also been 
proposed for it. Aniline was first accurately desenbed m 1843 by A W. 
Hofmann 
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mutely formed The change is due to oxidation, and does not 
occur in vacuo or m the dark 1 

Aniline is only slightly soluble in water, requmng 31 parts at 
the ordinary temperature, but being more soluble m hot water ' 
Water also dissolves m aniline, 5 parts being taken up by 100 of 
aniline at 1 the ordinary temperature, and somewhat more at higher 
temperatures The greater part can he separated by distillation, 
the water passing over first, but the last traces cau only he lemoved 
by prolonged digestion over caustic alkali. 

Aniline is soluble m all propoitions in a 50 per cent, aqueous 
solution of its liydrochlonde, and m smaller piopoitions m more 
dilute solutions (see page 67). 

Aniline dissolves readily in alcohol, ether, wood-spirit, acetone, 
chloroform, carbon disnlphide, and volatile hydrocarbons 

Aniline is itself a solvent for sulphur, phosphoius, mdigotm, 
camphor and colophony, hut does not dissolve caoutchouc or copal. 
It is employed sometimes as a solvent for aiiilme-blue 

Aniline is a powerful poison, coagulating albumin and producing 
symptoms similar to those caused by mtrobenzone (Yol II, page 
478) 2 

Aniline has maiked basic properties, a long series of well-defined 
and crystallisable salts being obtained from it It has, however, 
no action on phenol-phthalem, litmus or turmerio, though it affects 
a few of the more delicate vegetable colours It expels ammonia 
from its salts at a boiling temperature, but is itself displaced in the 
cold. Amhue decomposes the solutions of many metallic salts, 
with precipitation of the corresponding hydroxides. When heated 
with strong sulphuric acid, aniline is converted into para-amido- 
benzene-su'l phonic acid (sulphamlic acid) With hot 
fuming sulphuric acid, adi-sulphonic acid is produced. 

1 According to A Bidet ( Compt Iiend , cvm 620, Jour. Soc. Chem Ind., 
vm 388), aniline and tolindme piepaiad by the reduction of pure nitro- 
•denvatives mo colouiless after distillation, and though they become yellowish 
In a few days, light has no fuither effect on them, and even this change Bidet 
attributes to the piesence of anudo-tbiopbene, C 4 H„S NH^ 

a Accoiding to Letheby and Turnbull the action o( aniline is chiefly 
on the nervous system. Acoordmg to Grandhomme, the fiist symptom in 
slight cases of poisoning by aniline, oausBd by inhaling the vapour, is a blue 
colour on the edge of the lips, while tho gait becomes unsteady, tlio Bpeech 
thick, the head affected, and the face pale, while the appetite fails completely. 
Alcohol iBggravatcs the symptoms In more seveie cases, such as may ante 
fiom the saturation of the .clothes with aniline, tho kps become daik blue or 
black, and tbs vertigo is so violent that standing becomes impossible. Accord- 
ing to W ohler and Branchs, aniline does not exeit any poisonous action 
on dogs, R u n g e found tho aqueous solution to kill leecke3 and the parts of 
plants immersed m it 
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In presence of an excess of acid, aniline imparts a deep yellow 
colour to pine-wood and alder-pith 

According to F ns well, on adding cupric sulphate to an 
aqueous solution of aniline an apple-gieen crystalline precipitate is 
formed , or m extremely diluted solutions a green coloration 
Cold aqueous solutions of aniline salts are conveited by treat- 
ment with nitrous acid (or a nitrite and mineral acid) into salts of 
diazobenzene On boiling the solution phenol is formed, 
With evolution of nitrogen 

Under the influence of oxidising agents aniline gives 
products and reactions which vary considerably accoiding to the 
oxidiser employed, thus • — 

a When aniline is treated with excess of nitric acid, and the 
mixture evaporated at 100* C , the base is- decomposed with format 
tion of a blown substance. With smaller proportions of nitric acid 
various coloured pi oducts are formed, including picric acid. 

1) When treated with dilute sulphuric acid and manganese 
dioxide, aniline yields ammonia and q u l n o n e, C 0 H 4 O 2 , but the 
gi eater part of the product undergoes still further change. 

c If amluie be dissolved m stiong sulphuric acid, and a few 
drops of a solution of potassium bichromate he added, a led colour 
is produced, which rapidly changes to deep blue 

d On treating aniline, or one of its salts m a solid state, with 
strong sulphuiic acid, and then adding a minute fragment of man- 
ganese dioxide or other oxidising agent (in the manner described 
under “strychnine”), a fine purple coloration is produced 
A better result is obtainable by employing electrolytic oxygen ; m 
this form the test is the most delicate and satisfactory which can 
he applied. 

e Chlonne acts on dry aniline with great violence, producing a 
black mass containing trichloraniline, CgH^CljN Biomme 
behaves similarly ; and, on adding hromme-watei to the aqueous 
solution of an aniline salt, a precipitate of tnbromaniline is 
formed On the other hand, Mills and Muter (Jow Soa Chem, 
Ind, iv 96) state that anihno m solution m caibon disulphide 
reacts with Br 2 , probably forming an additive compound 
/ When a solution of aniline is treated with a dilute solution of 
bleaching powder, avoiding excess, a fine puiple coloration results, 
which gradually changes to brown When carefully applied, the 
reaction is delicate and characteristic The colour is destroyed by 
ether. 

rj. If a minute quantity of aniline be treated with an aqueous 
solution of phenol, and a solution of bleachmg powder be then 
gradually added, the reagent produces yellow store, which change 
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to a greenish-blue. The test, which is due to Jacquemin, is 
said to be very delicate. 

h If auilme, or one of its salts in the solid state, he tieated 
with a drop of chloroform, and then sohd potash or a strong 
solution of potash m alcohol be added, and the whole gently 
heated by immersing the tube in hot water, a peculiar and 
highly unpleasant odour will be pioduced, due to the formation 
of phenyl-carbnmme, C 6 H 6 .N C. The reaction, which is 
known as “Hofmann’s isonitrile test,” is piodneed by other 
aromatic monamines, and by acetanilide 

Detection and Separation of Aniline 

The foregoing colour-ieactions are amply sufficient for the 
recognition of aniline, provided that a proper process of 
separation be previously applied 

Auilme may be liberated from the aqueous solutions of its 
salts by addition of caustic soda, and may then be extracted 
by agitating the liquid with ether On separating the ethereal 
layer, and agitating it with dilute hydrochloric acid, the aniline 
passes into the aqueous liquid, which may then be concentrated 
or evaporated to dryness, and examined by the coloui-reactions 
already described. From strychnine, which is the only substance 
with which aniline is at all apt to he confounded, it may be 
separated by adding caustic soda to the concentrated solution, 
and distilling over the aniline by driving in a current of steam. 
The strychnine remains in the flask, while the aniline will be 
found in the distillate if it be acidulated with hydrochloric 
acid and concentrated to a small bulk at 100° 0 The same 
plan may be employed for detecting aniline m toxicological 
inqumes, or the process used for isolating strychnine may be 
used, but instead of evaporating the ether-chloroform it should 
be separated and agitated with dilute hydrochlone acid m the 
manner above described. 

F Muller (Joui Qhcm Sot , lu 614) found unchanged 
aniline in the mine of a person poisoned with it The urine 
was optically inactive, but reduced Febhng’s solution A portion 
of the concentrated urine, when boiled with strong hydrochloric 
acid, neutralised with soda, and extracted with ether, gave an 
ethereal solution which showed the blue indophenol reaction 
The ethereal extract of the unboiled urine did not give this 
reaction, a fact which Muller beheves was due to the secretion 
of the aniline as para-amidophenylsnlphate (compare “Phenyl- 
Sulphuric Acid,” Part I page 9) , a substance which is split up 
by boiling with hydrochloric aeid In support of this, the 
original urme contained sulphates (estimated by barium chloride) 
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equivalent to only 0 0475 gramme of sulphuric acid per litre , 
hut after hoilmg with hydrochloric acid, 0 8085 gramme, A 
direct test for the piesence of paTanudophenylsulphates m urine 
consists in boiling the liquid with o lie-fourth of its measure 
of strong hydrochloric acid, adding a few cc. of a 3 per cent, 
solution of phenol, and then soma drops of a chromic acid 
solution If pata-amidophenol he present, the liquid becomes 
red, and turns blue on adding ammonia 

The ddei ruination of aniline may be effected by evapoiatmg its 
ethereal solution, or preferably by extracting the base therefiom 
by agitation with dilute hydrochloric acid, evaporating the acid 
liquid, and weighing the residual hydrochloride Under favour- 
able circumstances it may be measuied after liberation from 
a strong solution of the hydrochloride by addition of caustic 
alkali. 

instead of weighing the aniline hydrochloride, the salt may be 
redissolved m water, and the solution titrated with standard silver 
nitrate Or it may he titrated with standard caustic alkali and 
phenolphthalem or litmus, as aniline hydrochloride acts on these 
indicators exactly like an equivalent quantity of fioe hydrochloric 
acid, and the end-reaction is peifectly sharp. The process allows 
of the titration of aniline in presence of neutral ammoniacal salts 
On the other hand, with helianthm (methyl-orange), the basic 
character of free aniline is distinctly marked, but the end-reaction 
is not sufficiently definite to render the indicator available for 
accurately titrating aniline 

According to Julius ( Jour Soe Dyeia, jrc, u, 79), free 
aniline in aqueous solution can he satisfactorily titrated with 
standard sulphuric or hydiochlonc acid, if congo-red ho employed 
as an indicator and the neutral point he regaided as that 
at which a bluish-violet colour is obtained, not changed by 
further small additions of acid, but a much largei excess is 
required to produce a pure blue. Results are said to be 
obtainable agreeing within 0 2 per cent, with theory. 

Salts of Aniline. 

Aniline combines readily with acids forming a senes of salts 
which crystallise well. The following are the most important 

Aniline Hydrocliloi ide Hydrochlorate of Aniline C a H 7 N,HCL 
This salt crystallises with great facility in colourless needles 
or large plates, which aie very soluble m water and alcohol. 
It melts at 192° C., and may he sublimed unchanged. It 
yields double salts with stannic, mercuric, antimonions, platmic 
and auric chlorides, aniline cliloroplatinate, (C c H 7 N,HCl) 2 Pt01 4 , 
crystallises from hot water m yellow needles. Aniline salt is 
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the ordinary commercial name for aniline hydrochlonde. It is 
manufactured by mixing the calculated weights of aniline and 
hydrochloric acid m stone-tanks, freeing the crystals f mined 
from the mother-liquor by a centrifugal machine, and diymg 
them According to another process, aniline is dissolved in 
petroleum spirit of 0 720 specific gravity, and hydrochloric acid 
gas passed in. till the solution is saturated The aniline salt is 
deposited as a white powder, which is separated from the 
adhering petroleum spirit by hydraulic pressure, and ground to 
powder 

Aniline salt is employed largely m calico-printing, its chief 
use being for the production of aniline-blacjc (Part I page 250) 
It is impoitant that the salt intended for this puipose should be 
made from pure aniline, and should bo dry and neutral The 
presence of free acid in the aniline salts is liable to cause the 
doth dyed black to rot m the steaming process It must be 
free from sand or grit, which would injure the printing 
rollers, and will produce streaks on the pimted cloth, Grit 
remains undiasolved when the sample is treated with hot water, 
and may be filtered off, dried or ignited, and weighed Tree 
acid is best determined by titration with decmormal caustic 
alkali, using methyl-orange as an indicator, but the results are 
not very satisfactory A useful method of examination consists 
in titiatmg the aqueous solution, of 2 grammes of the sample 
with normal caustic soda, using litmus or phenolphthalein as 
an indicator The amount neutralised conesponds to the total 
acid, both free and combined with aniline Theoretically, 2 
grammes of pure aniline hydrochloride would require 15 4 cc. 
of normal caustic soda, but owing to the presence of toluidine 
and moisture commercial samples of good quality require between 
14 and 15 c.e. 1 The process will indicate the presence of 
ammonium chloride, which will not neutiahse alkali, and hence 
a sample containing it will require a less volume of the 
standard solution Ammonium Monde is occasionally met 
with m consideiahle proportion as an adulterant of aniline salts. 
For its accurate determination tlm sample should be dissolved in 
water, excess of caustic soda added, the liberated aniline separated, 
and the aqueous solution distilled m the usual way, On titrating 
the distillate with standard acid and litmus or phenolphthalein, only 
the ammonia will be indicated Fixed impw ities will be detected 
on igniting the sample ; a mere trace should be present.' An idea 
1 This method of eiamming amlme salts is due to R, 'Williams (Chcm, 
News, 1. 299), but he appears to attribute the reaction to the pieseuoe of 
fieeaoid, 
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of the proportion of toluidme present m the sample can he obtained 
by liberating the mixed bases from the solution of the salts by 
caustic soda, and heating a few centimetres of the aniline with an 
equal quantity of strong arsenic acid solution to 180° 0 for some 
time On boiling the product with water, the intensity of the 
crimson coloration will increase with the proportion of toluidme 
in the sample A more accurate result can be obtained m the 
manner indicated on page 64, 

Aniline Sulphate, (G 6 H 7 N') 2 H 2 S0 4 . This salt forms a crystal- 
line powder, which is readily soluble m water and slightly so in 
alcohol It is insoluble m ether, a fact which distinguishes it from 
the sulphate of metliylamine 

Aniline Oxalate, (C a H 7 N),H 2 C s 0 4 , is very slightly soluble m 
cold water or alcohol, and insoluble m ether. 

Aniline Acetate, C 0 H 7 N, HC 2 H s 0 2 , does not appear to have been 
obtained m a crystalline form When heated it loses the elements 
of water and forms acetanilide (see page 68) 

Anilinb-stophqnio Acids Amidobenzene-sulphonio Acids 
When aniline is treated with an equivalent amount of ddute or 
concentrated sulphuric acid it is converted into aniline sulphate 
If an excess of acid be used, a high temperature employed, or sul- 
phuric anhydude he present, anilme-sulphomc acid is produced- — 

C 0 H S NH 2 + S0 2 (0H) 2 = C a H 4 { ^|‘° H + H,OH 

Three modifications of this body exist, which differ according to 
the relative positions of the NH 2 and S0 3 H groups m the benzene- 
chain The ortho-sulphomc acid (1 2) has no practical 
ihteiest, but the met a- and para-acids aie manufactured on a 
large scale for the production of aniline- and azo-dyes 

Meta-arnidobemenesulplwnic Acid, C a H 4 (ITHjy i ) S0 3 II< s ), is em- 
ployed for the manufacture of metanile-yellow (Pait I page 190) 
It is prepared by warming mtiobenzene with fuming sulphuric 
acid, or by treating a solution of benzene m strong snlphnnc acid 
with fuming nitric acid, when a mixture ofnitro-benzenesul- 
phonic acids, C a H 4 (N0 2 )S0 3 H, is obtained, in which the 
meta-acid predominates, and may he roughly separated from its 
isomers by conversion into the barium or calcium salt. The meta- 
nitro-sulphomc acid yields, on reduction, the corresponding amido- 
sulphonic acid 

Para-amidobenzemsulphomo Acid, C 3 H 4 (NH 3 )W S0 8 HW, likewise 
called Sulphamha Acid f is prepared on a large scale by heating 
one part of aniline and three of concentrated sulphuric acid to 
195°. With fuming acid, the reaction occurs more rapidly and at a 

VOL. HI PABT n. 1 , D 
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lower temperature On pouring the coded product into water, the 
acid sepaiatea as a crystalline mass, which can he recrystalhsed 
from hot water, 

Sulphandie acid crystallises in rhomhie tables containing 1 aqua, 
which effloresce in the ail, and arc only slightly soluble in cold, 
hut readily m hot, water Tieatment with potassium hicln ornate 
and sulphuric acid oxidises it to q u i n o n e, C a H 4 O a The solution 
of the sodium salt, on treatment with sodium nitrite, yields sodium 
diazobenzenesulphonate (Part I page 177) Aniline 
sulphamlate gives off all its base at 100°. 

STitraniunes When aniline is treated with dilute nitnc acid 
it yields aniline nitrate With the concentrated acid it reacts far 
more violently than benzene, and is converted into q u 1 n o n e 
and other products. To obtain a mtro-derivative by such means, 
the aniline must he protected by employing its acetyl-derivative, 
or by mtiofying m presence of excess of strong sulphuric acid In 
the latter case a mixture of the three isomeric nitiamlines is 
obtained, hut chiefly the meta-compound , m the former case pm a- 
nitracetamlide, C a H 4 (U0 2 ) NH(C 3 H 8 0), is formed, togethei 
with some of the ortao-compound, both of which readily yield the 
corresponding nitranilme, C a H 4 (F0 2 ) NH 2 , on boihng with 
concentrated hydrochloric acid or caustic alkali 

Another method of preparmg the nitramlines, especially the meta- 
modification, is the 1 reduction of the corresponding dimtrobenzcnes 
in alkalmo alcoholic solution Under these circumstances only 
one of the NO s groups is leduced to NH 2 , whereas m acid solu- 
tions diamidobenzene, C a H 4 (NH 2 ) 3 , is obtained (pago 86) 



ifiTitAranas, c a H 4 (NO.,) NH. j 


Ortho 

Jlfetec 

Pat a 

Appearance and 'i 

H0 2 HH„= 1 2 

NO a NH 3 ol 3 

H0 2 ,NH 2 =1 4 

Crystalline form.) 

Orange yellow 
needles 

tong yellow needles 

Sweet, burning 

Lung yellow neodloa 

Nearly tasteless 

Welting point. 

n* 

114” 

147" 

Volatility, 

DlstUe In a current 
of steam 

1 

Sublimes at 100” 
Distils in a our- 
rent of steam. 

Not^ volatile with 

Salts, . . 

Very unstable. j 

Fairly stable 

Unstable 

Belmvioui ^ when 


Unchanged. 

phenol— la mtr ° 
C„H 4 (NO.) on 


The nitiamlines are yellow crystalline bodies, readily soluble m 
alcohol but only slightly so m water. They are weak bases form- 
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ing yellow salts, and yield the corresponding diamidobenzenes on 
reduction. The preceding table exhibits their chief differences 
Two dmitrandmes, C 0 H a (lsrO 2 ) 2 hfH 2 , are known, melting re- 
spectively at 1 82° or 138°. Also a ti mitt aniline, C 6 H 2 (JS' 0 2 ) a , NHg, 
or pioramide, which melts at 186°, and is converted into 
piorie acid, C a B 2 (H0 2 ) 3 OH, and ammonia when boiled with 
caustic allcali. 

Homologues of Aniline. 

As already stated, the true homologues of anilme are bodies m 
which one or more atoms of the hydrogen of the benzene-nucleus 
are replaced by a corresponding number of atoms of methyl or 
other alkyl radical The compounds m question may be prepared, 
and are produced commercially, by processes exactly similar to 
those which result in the foimation of amlme That is, the hydro- 
carbons toluene, xylene, &o , are treated with nitric acid, and the 
resultant mtro-denvatives are reduced to the bases by nascent 
hydrpgen (usually iron and hydrochlouc acid) 

In their general chemical relationships the homologues present 
the closest resemblance to amlme, and yield substitution-products 
of a strictly parallel character They are also diazotised similaily 
The only homologues of aniline which lequne sepaiate descrip- 
tion aie the toluidines, C 7 H 9 N, and the xylidines, CgH^N 
Then consideration will be followed by a section describing 
“ aniline oils,” under which term is included eommeicially pure 
amlme and toluidme, and various mixtuies of these bases 

Toluidines. Amidotoluenes Amido-ro ethylbenzenes. Tolyl- 

amines. 

C 7 H 9 N = C 7 H 7 NH 3 = 0 6 H 4 (CH 3 ) ) 

H VN 

H j 

The toluidines exist m small quantity together with amlme m 
coal-tar They are produced commercially from toluene by processes 
exactly analogous to those by which aniline is prepared from ben- 
zene, and together with amlme constitute nearly the whole of the 
“ amlme oils ” of commerce (page 60) An interesting method of 
producing toluidme is mentioned on page 41 

Three isomeric modifications of toluidme are known The chief 
physical differences between them are shown m the following table, 
m which they are also contrasted with aniline and their meta- 
merids benzylamine, C a H e CH 2 NH, 1 

1 Benzylamine is a colourless liquid of faint aromatic odour, and is not 
affected by light It is miscible in all proportions with water, alcohol and 
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Amlm ° 

tolmdme 

OH 8 NH 2 =12 

■ Meta 
tdluidine 
CH 3 NH<j=l * 

Paia 
tolmdme 
OHg NH 2 =14 

Bentytwmm 

Specific gravity at 

10268 

10037 

0 008 (at 26°) 

solid 

090 ' 

Melting-point, 


Doea not soli 

D 06 B DOt Soli' 

Melts at +45° 

Liquid. 

Boiling point, 

— 8 ° O 

18S B 7 

dily at - 20 ” 

190° 

dify at -13° 

197° 

198“ 

186° 

Characters ot 
the acetyl-denva- 
tivc- 

Melttng point, 

1 U° 

107° 

66 °- 66 ° 

147° 


Boiling point, 

295° 

296° 

802°-S04° 

807° 

800° 

wateidlasolve, 

8 datH° 

8*6 parts at 19° 

4 4 parte at 13° 

0 80 at 22 “ 

Soluble. 

Solubility o! the 
acid oxalate — 

In 1000 parts ot 
water at 15*. 


28 8 

'20 6 

87 


In 1000 parts ot 
ether at 16°, 


060 

Very slight j 

0 016 



Oitho-tolmdine is formed by the reduction of ortho-mtro- 
toluene It is a colourless liquid, turning brown on exposure 
to air or light, and otherwise closely resembling aniline. It 
diffeis fiom its isomendes by giving a green coloration when 
treated with ferric chloride and a little para-diamidobenzene. 
A solution of 1 in 10,000 gives a fairly deep coloration, and 
one of 1 in 100,000 assumes a distinct greenish tint All 
commercial aniline gives this reaction, and even that prepared 
by the distillation of indigo with caustic alkali 

Metardolmdme is produced by the reduction of meta-nitrotoluene, 
preferably by an acid solution of stannous chloride It is only 
present in small proportion m commercial toluidme For its 
detection and approximate determination the mixed bases aTe 
eonveited into hydrochlorides, and the greater part of the 
isomeric salts removed by fractional crystallisation The mother- 
nquor is evaporated to dryness, and the residue heated with 
methyl alcohol to 200°, under pressure, for a considerable time. 
This produces a mixture of the three isomeric dimethyl-toluidraes, 

etlier, but la separated from its aqueous solutions by caustic alkalies (compare 
‘ 1 Pyridine ”) It has a strongly alkaline leaotitm, fumes wi th hydi oohlonc acid, 
and absoibs oarbon dioxide from the air, with conversion mto silky needles of 
the carbonate. 
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but only the meta-modifi cation yields a nitroso-deriVative, 
C e H 3 (NO)(CH 3 ) N(GH s ) 2 , on adding sodium mtnte to an ice-cold 
solution of its hydrochloride. The hydrochloride of nitroao- 
dimethylmetatoluidme thus prepared, crystallises from a 
hot acidulated solution m greenish-yellow needles only slightly 
soluble in cold water On treatment with sodium carbonate 
the free base is obtained, melting at 92°, crystallising from water 
or ether m small green plates or long needles, and precipitated 
m moss-green needles on adding petroleum ether to its chloro- 
formic solution. All its solutions have a deep green colour 
Kitroso-dimethylmetatoluidine forms steel-blue compounds with 
aniline and orthotoluidme 

According to Rosenstiehl, the three modifications of 
toluidme may be distinguished by the following reactions — 



Pam-tolmdme is produced by the reduction of the nitrotoluene 
derived from the toluene produced by the dry distillation of 
Tolu balsam; also by heating paracresol to 300° with ammonia 
and chloride of zmc ; and by molecular transposition from 
methylanilme hydrochloride (page 41) It crystallises from hot 
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dilute aleoliol m colourless plates melting at 45°, and has a 
peculiar odour recalling that of aniline 

Gonvmm cial Tolutdine consists chiefly of a mixture of the 
ortho- and para- modifications According to Fnswell, the 
specific gravity of the mthotolmdme of commerce should he 
about 1'0037, and its boiling-point from 197° to 198° C It 
ought not to solidify on cooling to —4°, though the majority 
of samples contain sufficient paratoluidme to cause them to 
commence crystallising at this temperature The paratoluidme 
of commerce occuis in white dry ciystals, melts at 43°-45 , 
and distils between 196° and 198°. Liquid commercial toluidine 
should boil at 197°— 198°, have a specific gravity of about 1 000, 
and contain from 30 to 40 per cent of paratoluidme and 60 
to 70 of orthotoluidine. 

A portion of the panvmodification separates from the com- 
meicial mixture of the isomers when the liquid is cooled by a 
fieezmg mixture A fuither sepaiation is effected in practice 
by fractionally saturating the mixture of the bases with sulpha uo 
acid, and then distilling m a cunent of steam Orthotoluidine 
being a weaker base than the para-compound, the former will 
alone pass into the distillate if the quantity of sulphunc acid 
employed be somewhat m excess of that requisite to neutralise 
the paratoluidme, 

L Lewy (Joui Ghem Soo, 1 872, Jow. Soe Ghem Ind , 
v 481) has proposed to separate ortho- and para-toluidme by 
converting the bases into phosphates. It appears that when para- 
toluidme and oithophosphonc acid are brought togethei, di-toluidme 
orthophosphate, (C 7 H 0 N) 2 H 8 PO 4 , is produced as a salt ciystalhsmg 
in scales and veiy spanngly soluble m cold water, but moie readily, 
with paitial dissociation, in boiling water. Aniline acts simi- 
larly, forming a sparingly soluble di-arnlme orthophosphate, 
(C 6 H 7 hr), 2 H s P0 4 On the other hand, orthotoluidine forms a 
mono-toluidme orthophosphate, (C 7 H 0 N)II 3 PO 4 , and never a di- 
or tn- salt Hence m the phosphates obtained fiom a mixtme of 
the two toluidines the proportions of the bases might be deduced 
from the percentage of phosphoric acid. The mono-orthotoliudme 
phosphate is more readily soluble m water than diparatoluidine 
or dmmlme phosphate. Further, when its solution is shaken 
with free aniline or paratoluidme, the orthotoluidine is set fiee. 
Hence pure orthotoluidine can he obtained from commercial 
toluidrae 1 by adding rather more of a 21 per cent, aqueous 
solution of phosphoric acid than will suffice to form diphosphates 

1 The xylidines and oumidmes behave like orthotoluidine, and form only 
monophosphates. 
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■with the aniline and pnratoluidme present. On warming the 
liquid, the free orthotoluidme forms a layer at the surface, which 
may he separated and distilled The process may be modified by 
adding a further quantity of phosphate to convert the ortho- 
toluidme into monophosphate, and then cooling the liquid and 
allowing it to stand to secure the complete deposition of the 
paratoluidme phosphate 

Wolfing (Ber , xix 2132) states that orthotoluidme pre- 
pared by Lewy himself hy the above proeoss, both on the small 
and large scale, still contained as much as 4 per cent of para- 
tolnidine For the preparation of pure paratoluidme ho recom- 
mends (Dvrujl Polyt Jour , ccban 200) that the hydrochlorides 
of the bases should be treated with an amount of sodium 
nitrite only sufficient to conveit the orthotoluidme present into 
amidoazotoluene. Only when this change is complete 
does the paratoluidme ieaot with the nitute to form a diazo- 
amulo-compound 

A method of determining the proportions of the ortho- and para- 
modifications of toluidme m the commercial product lias been baaed 
byRosenstiehl on the different solubilities of the acid oxal- 
ates of the two bases The acid oxalate of paratoluidme requires 
6660 parts of ether for solution, while the corresponding salt of ortho- 
toluidme dissolves m 200 parts of ether The method, somewhat 
modified, is sb follows — 0 2 gramme of the sample is dissolved in 
80 c e of anhydrous ether free from alcohol , 1 059 gramme of 
anhydrous oxalic acid, or 1 177 gramme of the crystallised, acid is 
dissolved in 250 c.c of anhydrous, alcohol-free ether Each c.c. 
of this solution will precipitate 0 005 gramme of toliudme An 
excess is added to the ethereal solution of the sample, the liquid 
allowed to stand in a stoppered bottle for twelve hours, then 
filtered through paper, and the precipitate washed with ether The 
precipitate is then washed into the bottle with water, and the 
solution titrated with decmormal caustic alkali and phenolphthalem. 

1 oe of decmormal alkali represents 0 00535 gramme of para- 
toluidme Mimati, Booth, and Cohen {Jam Soc. (Jhcm 
hid, vi 41 9 j find that if too long a time he allowed for the pre- 
cipitation, the product is liable to contain the orthotoluidme 
oxalate, and hence the result will he above the truth. They 
recommend that a repetition of the experiment should be made, 
in which the amount of oxalic acid solution used is only that 
requisite to combine with the paiatoluidme found by the fiist 
test, so reducing the enor to a minimum. 

G. Lunge (Chemische Ind., vm. 74; Jour. Soc. Dyei s, $c., i. 
150) estimates the proportion of para- and ortho-toluidme m a 
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mixture of the two by a careful observation of the specific gravity. 
The determination is made by the bottle, and referred to water at 
16° C If the sample does not contain more than 60 per cent of 
paratoluidme it is liquid at 16°, and consequently the ^ observation 
is made at that temperature 'With 60 to 60 per cent of para- 
tolmdine the method is still available if the bottle be filled at 
20° C. > but with still larger proportions the results are unreliable, as 
the correction for temperature loses m accuracy, aud the differences 
in specific gravity become very small for consideiable alterations in 
the composition of the mixture It is veiy desirable to adhere iigidly 
to the prescribed temperature, as an error of 1° 0. causes an enor 
of 7 per cent.'iu the estimation. The correction is ± 0 0008 for 
1°, when the density is above 1 0008, and db 0 000V when below 
that point. All water must be removed by treating the sample 
with powdered caustic potash and redistilling The distillation 
also serves to show the presence of analme or xylidme, m presence 
of notable quantities of which the method is inapplicable 
Lunge gives the following table of densities of mixtures of 
para- and ortho -tolnidine, water at 15° being taken as unity — 



A method of separating oithotolmdinefrom paratoluidme has been 
based byP Schoop (Oh am Zeit , ix. 1786 , Jour Soc Ohem 
Ind , v 178) on the observation of W e i t h and M e r 7, that the 
acetyl-derivative of orthotolunline is fai less soluble m watei than 
that of the isomer and of aniline Schoop’s method has been found 
unsatisfactory by several chemists, and need not be further described. 

A method of estimating paratoluidme m admixture with ortho- 
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toluidme lias been, based byG A Schoen (Gliem Zett,, xu 494 ; 
Jom Soa Gliem Bid , vii. 594) on the intensity of the red colour 
produced with potassium bichromate If the specific gravity 
indicates the presence of more than 8 per cent, of paratohudine it 
is reduced below that proportion by adding orthotoluidine 1 c c 
of the oil is then dissolved m 2 c c of hydrochloric acid and 30 of 
water, and 1 c c of a cold satuiated solution of bichromate of 
potassium added The mixture is allowed to stand for an hour, 
with occasional Stirling, and is then filteied Orthotoluidine 
gives a black lake and a colouiless liquid, bnt in presence of para- 
toluidme the precipitate is light brown, and the filtrate has a red 
colour, intense m propoition to the paratoluidine present Puie 
aniline behaves like oithotoluidine, bnt in presence of the latter a 
red filtrate is produced Hence aniline must be absent, or its 
amount must be deduced from the boiling-point and specific gravity 
of the sample, and a corresponding amount added to the standard 
mixture with which the sample is compared 

Xylidines Amido-dimethylbenzcnes C a H a (CH) 2 NH 2 . 

Six isomeric bodies of the above formula are theoretically pos- 
sible, and all of them are known Thus 1 — 



1 The table is clnefly drawn up fiom the desciiptions of the isomeric xyli- 
drnes given by Eos cop and ftchoilemmei (m. 'part iv. page 406). The 
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'gravity. 

The modifications of xylidine produced by mtrofymg the xy ieI iv a t 6r at 
of coal-tar naphtha and reducing the nitro-derivatives are chiei ^ ^ 
a-orthoxylidme, a-metaxylidine, and paiaxylidine, hut two of tht^^ 
other isomers are also said to be produced Only the a-meta- 
modification is of any value for the manufacture of azo-colourmg L 
matters, and of the cumidmes, C a H a (CH s ) 8 hfH 2 , which aie 
prepared by heating xylidine hydrochlorides with wood spirit 
On this account, the useless isomers are removed as far as possible 
from the metaxylene befoie mtiofying (Vol II page 482), and 
m fact the presence of even a few units per cent of oithoxylene 
will occasion consideiable practical inconvenience by the formation 
of tany matters during its conversion into xylidine On the other 
hand, commeicial xylidine often contains as much as 25 per cent 
of parnxylidme y-metaxylidme (1 3 2) is prepared by convert- 
ing commercial xylidine into the sulphate, which is allowed to 
crystallise, and the base liberated from the mother-liquor by alkali 
The fraction distilling between 212° and 216° is heated with 
acetic anhydride The u-m eta-acetxylidide form ed is not 
acted on by boiling foi several houis with four times its weight of 
dilute sulphuric acid containing 25 per cent of H 3 S0 4 , but its 
isomers aie decomposed On cooling, the unchanged acetyl-com- 
pound separates, and after lecrystallisation from hot watei melts at 

charaeteiB diliei considerably from those attubuted to the isomers by 
Wroblewsky ( Annalcn , ccvn 91) No 1 ting and Pick ( Benchtc , xxi 
8150), howevoi, consider that Wioblewsky’s v ortlioxylidme was simply 
impure d-metoxylidrne, and give tbe following table of charaoters of xylidine 
salts — 


Htdbocelomde, 
Solubility In 100 of I 


Water at IS” 0 , 
Borstal Sulphate, 

Solubility in 100 of 
water at 18° O 

ACID SULPHATE, 

Solubility In 100 of 
water at 18” O, 


Very aolnble 
Anhydrous 


Very soluble 
Anhydrous 


Very soluble 
+ 2iH 3 0 
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17 6°'8 C. On heating it for some time to 200° G , with three parts 
of sulphuric acid containing 7 0 per cent of Ii 2 80 4 , the sulphate 
of w-metaxylidme is foimed This salt differs from the sulphate of 
the isomeric xybdines m its very ready solubility in. water 

a-Oitlioxylidine (1:2-4:) is the only modification of xylidme 
which is solid at ordinary temperatures. By gradually evaporat- 
ing its solution in petroleum ether, it is obtained m thick mono- 
clinic prisms, hut when rapidly deposited, or caused' to solidify 
quickly, it forms transparent vitreous tablets. It melts at 49°, and 
is sparingly soluble in cold water, but readily in hot water, and also 
in alcohol and ether. Its aqueous solutions are not coloured by 
bleaching powder solution The hydrochloride is readily soluble 
m watei, but only slightly m strong hydrochlouc acid, its aqueous 
solution impaits an intense yellow colour to fir-wood 

a-Meta^ijhchne (1 3 4), or oidmary xylidme, is best obtained 
by converting commercial xylidme into the hydrochloride and 
crystallising the product from water. Both the hydrobromide and 
hydrochloride are only slightly soluble in cold water The last 
tiaces of impurity can he removed from metaxylidine by convert- 
ing it into the aeetyl-derivative, and leciystallismg this body from 
benzene till it has a meltmg-pomt of 129°. It is then decomposed 
by sulphuric acid 

Paraxylidme (1:4-2) has a specific gravity of 0 980 It is 
prepared by treating commercial xylidme with fuming sulphuric 
acid containing sufficient sulphunc anhydiide to convert the bases 
into sulphomc acids. The mixture is heated to 100° for some 
time, allowed to cool, and the solid mass pressod under water to 
separate metaxylidme-sulphonie acid in the crystalline state , or the 
hot liquid is poured upon ice, when the metasulphonic acid, being 
with difficulty soluble in dilute sulphuric acid, crystallises out 
The mother-liquor is neutralised with chalk, filteied, precipitated 
with sodium carbonate, and again filteied On concentrating tbe 
filtrate, the sodium salt of paraxylidine-sulphome acid 
separates m nacreous plates, which are washed with a little cold 
water to free them from traces of the readily soluble meta-sul- 
phonate The salt yields paraxylidme on dry distillation with am- 
monium chloride, while the sodium salt of metaxylidme-sulphonie 
acid chars under the same treatment. Paraxylidme may also be 
obtained by mtrofymg and reducing paraxylene, which may readily 
be prepared from commercial xylene (Vol II. page 483) 
Cumidines. Amido-trunethylbenzenes. C 6 H 2 (CH 8 ) 8 NH^ 
Yanous isomerides of this formula are known The solid 
variety of commercial eumidme is made by heating xylidme hydro- 
chloride and methyl alcohol together under pressure, to about 300°. 
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The bases are liberated and converted into nitrates, and the 
difficultly soluble nitrate of pseudocumidine separated from the 
mother-liquor. The base 13 again liberated and distilled The 
fraction passing over between 230° and 240° crystallises on cool- 
ing, and consists of amido-pseudocumene — 

(CEL, CH 3 .CH 8 NH s = 1 2 4 5). 

It crystallises from hot water in long needles, and from alcohol in 
large prisms, melts at 68°, and boils at 234°-236° "When con- 
verted into diazocumene it can be used for the prepaiation of 
azo-colours by reaction with naphthol-mono- and di-sulphonic acids, 
Isodubidinh Amido-tetramethylbenzene. C 6 H(CH 3 ) 4 .NH 2 
When the hydrochloride of psaudoeuUiidme is heated with 
methyl alcohol to 300°, the hydrochloride of isoduridme is formed. 
The free base, which also occurs among the bye-products of the 
manufacture of pseudooumidmo, is an oily liquid which boils at 
250°-253°, and solidifies on cooling to ciystals which melt at 14°. 
Amido-fentamethylbenzhnh C 6 (CH 3 ) fi NH 2 
This base is obtained by heating dimethyl-a-pseudocunudine 
with methyl iodide. It forms large white needles, melting at 151° 
and boiling at 277°. 

Aniline Oils. 

The term "aniline oils” is applied commercially to all the 
different varieties of aniline manufactured on a laige scale, equally 
whether the pioduct m question consists of nearly pure aniline, of 
toluithne, or pf a mixture of the two. The method of manu- 
facturing the different varieties of aniline oil is substantially the 
same, the composition of the product depending on that of the 
hydiocarhon employed The details of the method of manu- 
facture are, of couise, subject to variation, but the following is an 
outline of the method pursued in a well-known aniline woiks : — 
Crude coal-tar naphtha is redistilled to a temperature of 170° C 
The product of the distillation, called “once-run naphtha,” is 
■ treated with strong sulphuric acid (sp gi- 1 845) which removes 
the bases, hydrocarbons of the ethylene and erotonylene Berms, and 
some of the higher homologues of benzene. A subsequent treat- 
ment with milk of lime or caustic soda eliminates the phenols and 
other bodies of an acid character The purified oil is washed with 
water and redistilled to obtain “50/90 benzol,” and this when 
fractionated with the acid of a dephleginatmg column at once 
yields 99 per cent benzol, toluol, and solvent naphtha (compare 
Yol. 'II. page 487) Solvent naphtha is now generally further 
treated for the isolation of xylene, but the benzols and toluol 
are directly converted into the nitio-compounds by placing them 
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m a vessel surrounded with cold water, and gradually running in a 
cold, pieviously made mixture, of 150 per cent by weight of nitric 
acid of 1 4 specific gravity with 200 per cent, of concentrated sul- 
phuric acid When the reaction is complete the mixture is allowed 
to stand, and the lower layer of acid is tapped off and concentrated 
again m glass for repeated use The nitrobenzol is washed several 
times with caustic soda, and then treated with open steam to drive 
off unchanged benzol and "light stuff” The nitrobenzol (or 
mtrotoluol obtained m a precisely similar manner) is then placed 
in a still with hydrochloric acid, and bormgs or filings of grey cast 
iron added gradually High-pressure steam is blown m, and the 
nitrobenzol which distils over is separated from the condensed 
water, and returned to the still until the complete solubility of the 
distilled oil m hydrochloric acid shows that the reaction is complete 
Milk of lime is then introduced, and the liberated aniline distilled 
off by the aid of steam Aniline sinks to the bottom of the con- 
densed water, but when toluuhne is being made the oil floats on 
the surface The condensed water contains from 2 to 3 pei cent, 
of dissolved bases, and is converted into steam fur the aniline stills 
The iron is converted into a black paste, consisting chiefly of Fe a 0 4 , 
which is sold for purifying gas The aniline oil is distilled to 
separate water, &c The addition of lime to liberate the aniline is 
not strictly necessary, and in many works it is omitted. The first 
reaction seems to be — 

C 8 H 6 N0 2 -f Fe g + 6HC1 = 3FeCl 2 + C 0 H 6 NH 2 + 2H a O. 

The ferrous chloride formed also acts as a reducing agent, being 
converted into feme chloride, which in presence of water gives 
feme oxide and aniline hydrochloride. The end-products are 
chiefly aniline, ferroso-ferno oxide, and a weak solution of ferrous 
chloride The hydrochloric acid seems to act chiefly as a earner, 
so that the general reaction may be lepiesented by the equation — 
4C 6 H 5 N0 2 + 9Fe -|* 4H 2 0 = 3Fe g 0 4 + 4C 6 H B NH 2 Acetic acid was 
formerly employed in place of hydrochloric acid, but its use is noW 
almost, if not entirely, obsolete Its use in too large a proportion 
tended to the formation of acetanilide. Too laige an excess 
of iron, or its too rapid addition, may cause loss from a reproduction 
of b e n z e n e, while deficiency of both iron and acid favours the 
production of azo-benzene 

Composition and Assay of Aniline Oils 
There are three leading kinds of aniline oil now recognised 
in the market, namely — (1) Pure aniline oil, (2) anilino oil for 
red, and (3) toluidine ' The demand for xylidme for the 
manufacture of azo-reds has considerably influenced the character 
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of commercial aniline; since the 50/90 benzol, -which was 
commonly used for the manufacture of “ aniline for red,” formerly 
contained a notable quantity of xylene, which is now removed 
and eonveitod separately Since the employment of depblegmating 
columns has become usual, benzene and toluene of almost constant 
boilmg-pomts have been manufactured. From the pure hydro- 
carbons the corresponding bases are prepared, while from the inter- 
mediate oil, containing about 26 per cent of benzene and 75 of 
toluene, an aniline oil for red is manufactured, which contains 
about 25 per cent of aniline, from 20 to 25 of paratolmdme, 
and 45 to 60 per cent of orthotoluidme 1 

In addition to the foregoing leading qualities of aniline oil, 
products of very varying composition and degrees of purity have 
to he dealt with by the dye-manufactuier Thus m making 
magenta by the arsenic acid process, fully one-fourth of the 
aniline distils off and is condensed But this recoveied aniline 
is found on rectification to have a considerably higher density 
than the original oil (1 015 to 1 009 against 1 0075), and to 
consist almost entirely of aniline and orthotoluidme, whereas 
the original oil contained from 15 to 25 per cent of para- 
toluidme. This is either employed for the manufacture of 
safranine or very led shades of blue, or ciude patatoluidme is 
added to it m such proportion as to bring it approximately to 
the original composition Similarly, m the manufacture of 
magenta by the nitrobenzene process, the recovered aniline 
contains notable quantities of nitrobenzene, while from other 
processes methylated and ethylated anilines aie obtained Re- 
covered anilines are deeper in colour and of greater body than 
unused oils, and often have a strong and somewhat characteristic 
odour They are rarely met with outside the colour-works in 
which they have their origin. 

On next page is a tabulated list of the more important or 
frequently-occurring constituents of aniline oils 2 "With the ex- 
ception of aniline and its homologues, and the substituted anilines, 
very little is known respecting the effect of the bodies formulated 
in the table on the colouring matters produced For the most part 
the objectionable impurities are got rid by fractionating tbe crude 
aniline oil 

1 The composition of aniline oil for red is often judged of by the consumer 
solely from the specific giavity, and he or the anilme-makei adjusts it accord- 
ingly by adding aniline oi tolmdme to the crude oil as the giayity may 
indicate 

2 Hell and Rockenhach (Ber , xxn 505) have investigated some other 
non-hosio constituents of aniline and toliudme tailings 
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Name 

Pormnl# 

Melting- 
Point "O 

Boiling 
Point ° C 

Remarks 

Aniline, 

Tola, l l 

dine ’ i , “ 

Xyiidiim (several 
Isomers), 

CumhUno (several 
Isomers, chiefly 
Pseuflooumidine), 

Methyl aniline, 
Dimethyl-aniline, . 
Etlijl-autUue, 
Diphenjlaiuine, 
Acetanilide, , 
Acototolnide |p^’“ 
Nitrantlinea, 

Pnraniline, 
Xeuylamine, 
Phonylene dtaralne 
(para ), 

Toluylene diamine 
(para), 

Azobenzene, 

Nitrobenzene, 

( ortho 
Dinttio I moth 
benzenes) 

> pa f, a 

Nitro f 

toluenes | 
Benzene, 

Aniidotliiophene, 

CgHg NHa 

jaoH 4 <aH 3 )NH a | 

OeUfiCOHsls 

C 0 U 2 (OH 3 ) 3 nh 3 

C„H 5 NH(CH 8 ) 

C 8 H s N(CH s )a 

C 0 H 5 NH(C 2 H t ) 

o 6 Hs Nn(c 6 n6) 

C 0 Hj NH(C 2 H 8 0) 

L c 8 H4(OH 3 ) NH(CjH s 0){ 
CsHjfNOj) NHi 

CjzHhNj 

C i 2 H 9 Nfl a 

OoH 4 (NH a )j 

CcU^CKj) (NHa)a 

C<,H b N a C 9 H 5 

O 0 H s (NOj) 

lc(,H4(N0 3 )a -1 

l C 6 H 4 (OH s XNOa) / 

3 c„h 6 

OoHefOH,) 

c 4 h 3 s nh 3 

OaHan+B 

bolow - 20 
below -13 

63 

06 

54 

112 

66-00 

147 

03 

09 

06 

3 ! 

318 i 
90 

172 

bolow - 20 
16 

65 

below - 20 

188 7 

212-226 

286 

192 

192 

204 

802 

206 

802-504 

800-807 

330 

287 

288-286 

298 

228 

280 

80 5 

111 

See page 48 

- See page 62 

See pagd 67 

See page 60 

See page 78 

See page 74 

See page 73 

See page 79 

See page 68 
(1'ioduced by action ot 
\ heat an tolaldlne 
( acetate 

FromUuperfoct i educ- 
tion ot dinitriben- 

Roduction ot dinitro- 
benzone (page 87) 

See page 88 

Imperfect reduction 
ot nitiobenzene 

Vol II page 478 
MoiioUinio tables 

Long needles or tlun 
ihombic tallies 
Monoellnla needles 

Sp gi 1 163 at 2S‘ 6 

Sp gr 1 108 at 22", 

Vol II pago 469 

Vol II page 479 ( 

Espeolally^in^anlline 
camiel tar benzols 


The assay of aniline oiIb is usually limited to observations of the 
colour, odour, and specific gravity, supplemented by a careful frac- 
tional distillation and tests for watei, mtiobenzene, liydrocaibona, &c. 

The specific gravity of aniline oil is a valuable indication 
of its composition The observation must be made by the plummet 
or specific-gravity bottle at exactly 15° C., and the result referred 
to water at the same temperature taken as unity 1 

1 P Schoop ( Ohem . Zed , uc 178 , Jour Soc Chem, Ind , v 178) gives 
the density of pure arulmo as 1 0877 at 1° C , orthotoluidme as 1 0148 , and 
paratoluidme as 1 0046 at the same temperature , the coefficient of expansion 
being m each ease 0 00081 for 1° O. 
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Tile following figures represent the densities as tlius observed — 


Specific gicmty at 16° 0 


Pure aniline. 

Aniline oil for red, 
Orfchotoluidine, 

Mixture of equal parts of ortho- 
and para-toluidme, 
Paratoluidme, . 


10268 

1 0075 to 1 0012. 
1’0037. 

9975. 

Solid. 


The odour of pure aniline is very different from that of the 
toluidmes The presence of toluidme in aniline is indicated by 
the density of the sample, its diminished solubility m dilute alcohol 
{page 66), and by the results of the fractional distillation (page 
65) In addition to these characters, the following tests are 
sometimes of service — 

Pure aniline affords no rosamhne on treatment with oxidising 
agents, but if toluidme be present magenta is readily formed The 
test is best made by mixing 5 o c of the sample of aniline with an 
equal measure of a concentrated solution of arsenic acid, containing 
about 75 per cent, of As 2 0 6 and having a density of 2 04 The 
mixture, contained in a small flask or long test-tube, is immersed 
in a paiaffin-bath heated to 180° C The mixture rapidly changes 
in colour, and swells considerably When the action is complete, 
the contents of the tube acquire a metallic bronze appearance and 
no longer mtumesce. The product is treated with boiling water, 
when, if the sample contained toluidme, arseniate of rosamlme 
dissolves and communicates an intense crimson colour to the liquid. 
Neither pure aniline nor toluidme alone gives this leaotion 

If a sample of commercial aniline be mixed with some solid 
magenta and a few drops of glacial acetic acid, and the whole 
heated to 180° 0 , as described above, ammonia is abundantly 
evolved, and in a short time the mixture becomes intensely blue 
from the formation of tnphenyl-rosanilme With puie 
amlme the blue is very pme m shade, hut when toluidme or xyli- 
dine is treated m a similar manner the product is intensely purple, 
and a mixture of the bases gives proportionate mtei mediate 
shades of colour. If a little of the " melt ” he withdrawn from the 
tube, diluted considerably with alcohol, a few drops of acetic acid 
added, and then streaked on white filter-paper by means of a glass 
rod, the purple tint is readily observed, especially if the paper he 
held up before a gas-flame 

A valuable' indication of the general composition of an aniline 
oil is obtained by submitting the sample to fractional distillation, 
and noting , the proportions of distillate obtained at various tern- 
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peratures The distillate may be measured after each rise of 1 5 
degrees m the boiling-point of the sample, or the temperatiue may- 
be observed when each consecutive 5 or 10 per cent fraction has 
passed over The latter is the plan now commonly adopted, 100 
c.c of the sample being employed, and the anangement of the 
apparatus being exactly the same as m the fractional distillation of 
benzols (Vol II. page 495). 

The heat is applied cautiously at first, m Older to dissipate any 
water When thi3 is effected, which will be known by the rapid 
rise of the thermometer, the heat is so regulated that the distillate 
shall fall m distinct drops, about sixty per minute With each 
increase of 10 cc. m the volume of the distillate the temperature 
indicated by the thermometer is observod and recoided, the process 
being continued till 90 or 95 cc have passed over 

A veiy simple test for aniline oils was devised and communicated 
to the writer by the late B Nickels, who found it to give useful 
results, and to indicate differences between samples not readily 
distinguishable by the ordinary fractional distillation piooess The 
test is based on the greater solubility in dilute alcohol of aniline as 
compared with tolmdme and xylidme, and is thus performed — 
5 c,c measure of the sample is taken with a pipette and diluted to 
40 o c with methylated spirit Distilled water is then gradually 
added from a burette, with constant shaking, till a permanent tur- 
bidity is piodnced.'when the volume of water employed is noted 
Operating m this way, a sample of very pure aniline required 126 
c c. of water to produce permanent turbidity The following figures, 
obtained by B Nickels m 1881, show the results yielded by three 
typical specimens of commercial aniline as then manufactured . — 



Sample A was a fair commercial specimen of the quality known 
as “purq aniline,” and actually contained some 95 per cent 

VOL III PAST II , E 
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of real aniline. An article of this high purity la required for the 
manufacture of aniline blue, tnphenyl-rosanilme (see 
page 64), any notable admixture of toluidme resulting in a pro- 
duct dyeing with reddish tinge 1 

The quality known as “heavy aniline,” exemplified by E, 
is a fair sample of aniline oil for red (see page 62) This 
class of aniline is produced from benzols containing a considerable 
proportion of toluene, and the aniline oil itself is a mixture of 
aniline and toluidmes Good samples of aniline oil for red contain 
from 35 to 42 per cent of real aniline, 35 to 50 per cent, of 
orthotoluidme, and 14 to 24 per cent, of paratoluidme 

R J Fr is we 11 thinks 100 cc an undesirably small quantity 
for fractional distillation He piefers to opeiate on 250 c c , which 
he diBtils m a flask -with a side-tubulure, and he lecommends an 
observation of the temperature at which the last drop disappears 
from the bottom of the flask A naked flame is used, and a few 
fragments of platinum wire or fire-brick added to the contents 
of the flask The following figures were obtained by Friswell 
(Thorpe’s Diet Applied Ohem, i. 165) by the examination of 
commercially pure aniline. 


Bpeoiflc gi ftvlty at 16" 


0 , 


No 3 


1 02090 


10 per cent over at, 
20 „ „ 

30 „ „ 

50 !, !. 





Any watm piesent in aniline oil will be found m the very first 
portions (first fraction of 10 per cent) whenever the sample is 
submitted to distillation It takes the form of globules, which 
aie not miscible with the next fraction of the distillate nor with 
petroleum spirit Water may exist m aniline in any proportion 
from a tiace up to 3 or 4 per cent , hut a good commercial recti- 
fied specimen should not contain more than 0 5 pei cent Anilmo 
is readily soluble m a strong aqueous solution of aniline hydro- 

1 In good samples tlie boiling-points bold closoly togetlior, diffenng by one 
or two degrees only Inequalities oi jumps in the boiling-point, especially at 
tho beginning and end of the distillation, indicate badly -in ide samples or 
mixtiues. 
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chloride A solution of the land, of 1 08 specific gravity, is stated 
by Watson Smith to be sometimes sold as aniline oil, which m 
colour and taste it closely lesembles. Such a fraud would be at 
once detected on distillation 

Benzene,, toluene, and othei hydtocarbons will separate when the 
fiist fraction of 10 per cent (10 c c ) is treated with an equal volume 
or slight excess of hydrochloric acid, and water added to 100 or 
150 cc They assume the foim of oily globules which float even 
on diluting the liquid. The best samples of pure aniline show only 
a slight opalescence when thus treated, hut the smell of the 
“ light stuff” (Vol II page 488) is always perceptible. In recovered 
anilines these impurities exist to a notable extent, since they sur- 
vive the reactions by which the bases are consumed. Aniline 
for red usually contains somewhat more hydrocaibons than pure 
aniline 

Nit 'i obenzene and mtrotoluene may be recognised, even when mere 
traces aie present, by the milky appearance of the liquid produced 
by saturating 10 cc of the original sample of oil with hydiochlonc 
acid On diluting the liquid with watei, and leaving it at rest for 
some hours, any considerable quantity of nitrobenzene will collect 
at the bottom in the form of oily globules, which, aftei separating 
the acid liquid, may be identified by the smell and other char- 
acters Still smaller quantities of nitrobenzene may be lecogmsed 
' if the “ tailings” be opeiated upon, instead of the original sample 
Nitrobenzene occurs more fiequently m magenta-anilme and tolui- 
dine than m the oils of lower boiling-point 

Nitrobenzene is also indicated by the yellow colour of the fioth 
produced when the sample is violently agitated. 

Acetanilide and aaetotolmde were impurities characteristic of 
aniline prepared by the reduction of nitrobenzene with acetic acid 
and iron, but are now rarely met with in aniline oils In any 
case they would become concentrated m the “ tailings,” together 
with phenylene-diamme, azobenzene, paranihne, "xenylamme,” &c 

Aniline tailings is the name applied to the least volatile portion 
of anilino oils They contain little or no aniline ; some toluidme, 
xylidme and cumidme , nitrobenzene and its homologues ; and 
- some or all of the by e-products tabulated on page 63 which boil 
above 200° C. 

The composition and special methods of examination of com- 
mercial toluidme are described on page 64 et seq. 

Anilides. 

The anilides are derivatives of aniline m which one or both 
of the hydrogen-atoms of the anndo-group are replaced by acid- 



68 


ANILIDES 


radicals The homologues of aniline yield similar derivatives (e g., 
aceto-tolmde, page 52). The most important and typical mem- 
ber of the class is acetanilide or phenylacetamide — 
C S H S NH(C z H s O) , or C a H s O NH(C„H B ) . 


A number of derivatives of acetanilide have been prepaied, and 
certain of them have found some employment as analgesics and 
antipyretics, as for instance — 


Acetanilide Phenylacetamide Antifebnn C 0 H 3 jS t H(C 2 H 8 0). 

r" } O w C.H.O). 

“t5E5S£ W»WCAO). 

Aceto-anndophenol Hydroxy-antifebrin C a H 4 (OH) NH(C 2 H s O). 
Aceto-amsidme Methacetm ) p rr /Ti rn \ wmp rr m 
Methoxy-antifebnn (Page85 ) f W° CH 3> N H(C 2 H 3 0) 
Acet-phenethidme Phenacetin | _ , n n . Mr „ 
Ethoxy-antifebnn (Page 81 ) } C ^ {0 C * H »> NH(C 2 H S Q) 
Amido-phenacetin Phenocoll C 8 H 4 (0 C 2 H B ).HH(0 2 H 2 0 KH 2 ), 


Most of these bodies are descubed m the following pages The 
relationship of antifebnn to hypnone, hydraeetm (pyrodine), and 
phenyl-urethane, is shown by the following formulas — 

Acetophenone Hypnone (Part I page 23) C 0 H S ,(CO CH 8 ). 

Acetanilide Antifebnn (see below) C„H 6 .NH (CO CH a ). 

Hydraeetm J 0<Hj HH. H H(CO.CH,). 

laaVnlinyl-phenylhydiazme Anti- [ WTr n v 

thermm (Page 31.) j ^ 

Phenyl-urethane Euphonn (Page 72.) C Q H B NH.(CO 0,C 2 H 5 ). 

Acetanilide Phenylaoetauide C fl H 6 HH(C 2 H s O). 

This substance was originally obtained by tbe action of acetyl 
chloride on aniline It is more conveniently prepared by boiling 
aniline with glacial acetic acid for many hours under an inverted 
condensei, until the pioduet solidifies on cooling The moss is 
then melted and poured into water, to remove unconverted ani lin e 
and acetic acid It may be purified by distillation and crystal- 
lisation fiom alcohol, benzene, or hot water, from which it separates 
in colourless unctuous lannnse, resembling bone acid, soluble m 
about 190 parts of cold or 18 of boiling water Acetanilide is 
odouiless, but produces a slight burning sensation on the tongue 
It occurs commercially ns a crystalline powder or scales It melts 
at 112°-113°, and distils unchanged at 295° C. Acetanilide 
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dissolves m 3J parts of alcohol, and is very .soluble in ether, 
chloroform, and benzene, yielding neutral solutions 

Acetanilide is a weak base The hydrochloride is obtained by 
passing hydrochloric acid gas thiough a solution of acetanilide m 
acetone It forms needles which are decomposed into their con- 
stituents by water, and gradually converted into acetic acid and 
aniline hydrochloride on exposure to moist air 

Acetanilide dissolves m strong sulphuric acid without, change of 
colour. On treating the solution with nitric acid, the acetanilide 
is converted chiefly into jsaia-nitroacetanilide (page 50), 
some of the 01 tao-compound and, m presence of a large excess of 
sulphuric acid, a little of the meta-compound being also formed 
Nitrous acid, passed into its acetic acid solution, converts acetani- 
lide into an unstable nitrosamme, C a H 6 N(C s H,0)(N0). 
When heated with zinc chloride to about 250°, acetanilide yields 
Jiavamline, C ie H M N 2 ,HCl (Pait I. page 245) Treated m alcoholic 
solution with sodium ethylate, acetanilide yields a sodium 
derivative, C 0 H 6 NNaC 8 H g O, but when this is boiled with 
water it splits into aniline and sodium acetate. Acetanilide 
behaves like aniline on treatment with caustic alkali and chloro- 
form (page 46), and the formation of the disagreeably smelling 
isonitrile is a delicate reaction for its presence (cdmpaie page 83) 
Aoetamlide behaves like aniline when treated with phenol and , 
solution of bloaching powder (page 45) 

When treated with a solution of potassium chlorate in strong 
sulphuric acid, acetanilide gives a red coloration, changed to yellow 
on dilution With a crystal of a nitrite and a drop of concentrated 
hydrochloric acid it pioduces a yellow colour, changing on heating 
to green and blue , and, on evaporating the liquid to dryness, an 
orange residue is obtained, changed to led, on adding ammonia 
(Vitali). 

When acetanilide is heated gently with mercurous nitrate, a 
body is produced which dissolves m alcohol with gieen colour 
(Y v o n). If a few centigrammes of acetanilide be gently heated 
with two or three drops of a solution of mercurous nitrate, and when 
solution has been effected two or three drops of sulphuric acid 
added, a blood-red coloiation will be produced (Celia and 
Arzeao), The same reaction is produced by phenol, resorcinol, 
thymol, and salicylic, gallic, and tannic acids, but not by benzoic 
acid 

Acetanilide gives no colour-reactions with ferric chloride, nitrites 
in very dilute solutions, or potassium bichromate m aqueous solu- 
tion These reactions distinguish it from antipynne and kamne 
Various other colour-reactions of acetanilide have been described 
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As a rale, the most satisfactory method for its positive identifica- 
tion is to heat the substance with alcoholic potash, dilute with 
water, and shake with ether. The ethereal layer is examined foi 
aniline, while the aqueous liquid is tested for an acetate. 

To detect acetanilide m urine, Yulpius boils the liquid with 
bydrochlouc acid, cools, extracts with ether, and tests the ethereal 
solution with phenol and bleaching powder solution 

E, Eitsert (Pimm, Zed , xxxv. 306, Jour Chem, Soa, lviu 
1349) gives the following tests for the purity of commercial acet- 
anilide .—The sample should leave no ash on ignition, and after 
diymg for two houis at 106°, should melt at 114°. A higher or 
lower melting-point indicates the pie6ence of aeeto-toluides 0 1 
gramme dissolves ml c c of strong hydiochlonc acid to a clear 
solution , which, aftoi a few minutes, precipitates acetanilide hydro- 
chloride (methyl-acetanilide does not yield a similar reaction) 
No change should be produced on adding a diop of nitric acid, 
which, after a time, produces a yellow or brown coloration if phen- 
acetm or methacetin be present It 0 1 giarnme be boiled m por- 
tions in 2 cc of strong hydiochlonc acid, the solution cooled, and 
a drop or two of chlorine water added, a hue blue coloiation is 
produced The aqueous solution of acetanilide should be fiee from 
acid reaction (indicating acetic acid). On boiling it and adding 
ferric chlondo, a deep reddish-brown colour should be produced, 
destroyed by a mineral acid If a diop of dilute solution of 
potassium permanganate (1 1000) be added to a boiling aqueous 
solution of 1 gramme of acetanilide in 30 c o of water, the pmlc 
coloration at hist produced should persist at least five minutes, and 
should not change- to yellow on again boiling Piocipitation at 
this stage indicates the piesence of free aniline, lesinous products, - 
aeeto-toluides, oi other lmpuiities 

In the additions (1890) to the Bnhsh Pharmacopoeia, acetani- 
lide is described as melting at 235° F (=112° 8 C), and dis- 
solving in Bulphunc acid without coloration The solution m 1 8 
parts of boiling watei should be clear, neutral, and odourless ; and 
after cooling should not be colouied on adding feme chloride 
This is directly opposed to the experience of Eitsert above quoted 
In the German Pharmacopoeia the direction is to add ferric chloride 
to a cold saturated solution, thus avoiding the dissociation and 
formation of acetic acid liable to occur on boding. According to 
the German Pharmacopoeia, on heating with caustic alkali solution, 
acetanilide gives off an aromatic vapour, which, after addition oi a 
drop of chloroform and renewed application of heat, is changed to 
the disagieeahlo smell of the isonitnie Further, O'l gramme of 
acetanilide should yield a clear solution when boiled with 1 c c of 
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hydrochloric acid for one minute , and, after adding to the liquid 
2 c c. of carbolic acid, a cloudy red coloration should he produced 
by solution of bleaching powder, changed to a permanent mdigo- 
blue (1 n d o p h e n o 1) on adding excess of ammonia 

Acetanilide has powerful antipyretic properties, nnu has received 
an extensive application in mediemo under the name of “anti- 
f e b r i n,” 1 though dangerous symptoms are sometimes produced hy 
it (Pharm Join., [3], xx 1059) The dose is from 3 to 10 grams 
Accoidmg to S a 1 z e r, commercial ontifebun is liable to certain 
unchanged aniline, which may be detected by dissoli mg the sample 
m cold hydrochloric acid, and pouring on the liquid a solution of 
bleaohing powder Pure acetanilide yields a white precipitate, 
which dissolves on shaking the liquid, but after a time colourless 
silky needles separate. In presence of aniline the well-known 
violet coloiation is produced 

Acetanilide has been used as an adultaiant of autipyune (page 
36) The melting-points of the pure substances aie nearly iden- 
tical, but a mixtuie of equal proportions of the two melts at 46° G 
Of the three isomeno acdo-toluides (page 52), only the meta- 
compound possesses antipyretic propci ties 
Pat a~b om-acetcmihde, C 6 H 4 Bi.NH(CO CH a ), has been intro- 
duced as a remedy under tlio name of “ a n t i s e p a i n ” It forms 
small pearly prisms, melting at 164° 5, and devoid of taste or smell 
It is soluble with difficulty in cold, but leadily in hot water, as 
also m alcohol and ether 

Acd-metliylaniltde oi Methyl-ctcetanihde, C 8 H R N(CH a )(C 2 H 8 0), 
is pi spared by warning together methylaniline and acetyl chloride 
The product is boiled with watei, when th© new body crystallises 
on coaling Methylacelanilide has been introduced as an anti- 
rheumatie and analgesic under the name of “ e x a 1 g l n ” In doses 
1 Whan administered to rabbits, acetanilide is oxidised to paia-anudophenol, 
C 0 H 4 (OB) NHj, with complete elimination of tlie acetyl-group Indogstbere 
is a small foimatron of paia-amidophenol, tat the chief change consists in a 
simultaneous oxidation of the amlme-residue to ortlio-onudophenol, of the 
acetyl-gioup to oaiboxyl, and in the formation of caibonyl-oi tho- 
hydroxy amidoplionol, C e H,(OH)^^ j-CO, the anhydndoof which 
is excreted in the mine as a sulphate. In hotli the rabbit and the dog the 
amido phenols are also eliminated as sulphates In man, the acetyl-group 
is not wholly oxidised, the urine containing the sulphate of aoeto-par 
a m i d o p h e n o 1, In all cases there is an oxidation of one of the hydi ogon 
atoms of the benzene-nucleus to hydroxyl, while the proportion of etheieal 
sulphates is increased (compare “Aniline,” page 46), the mine is ted fiom 
excess of bilnubin, reduces alkaline cupnc solution, and is strongly lievo- 
rotatory , the optically active body probably being the above-mentioned 
sulphate (G i e s s 1 y and Nenoki, Monatsh , xi 268) 
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to Sanson i, after administration of phenyl- urethane, the urine 
shows the para-amidophenol reaction either directly or after dis- 
tillation with potassium carbonate. The proportion of urea is 
increased, but the uime ib free from phenol, aniline, albumin, and 
sugar. 

Substituted or Alkylated Anilines. 

These bases result from tbe leplacement of one 01 both of the 
hydrogen atoms of the amido-group of aniline by 'alkyl or other 
basylous radicals. 

The bases of this olass are obtained by heating the hydro- 
chloride or other salt of aniline (or its homologues) with the 
alcohol with which it is intended to leact, or the halogen salt of 
this alcohol with free aniline. 

The only substituted anilines which lequire special description 
are the following — 



Poi inula. 

Specific 

Gravity 

Boiling Point 

Reference. 

Methyl-aniline, . , 
Dimethyl-aniline, . 
Ethyl-aniline, 
Dicthyl-anlllne, 

(Diphenylamine), 
Diphenyl aniline 
(Triphenylarmne), 

OflHfl NH(CHj) 
C'«ll8 nScCj&j) 
Celia IKCsHsb 
C a H s NH(CsH 6 ) 

0 6 H 5 N(C b H 6 ) 2 

970 atlB' 
9663 at 16° 
964 at 18° 
987 at 13° 

1101 

192 

302 

Page 78 

Page 74 

Page 79 

Page 79 

Page 80 


Diphenylamine is a very weak base, and in tiiphenylamine the 
basic character is entirely lost 

Methyl-aniline. C 6 H 6 NH(CH 8 ) 

This base is obtained by the action of iodide, nitrate, or chloride 
of methyl on aniline, or by heating methyl alcohol with aniline 
hydrochloride 1 In all cases dimethyl-anilme is formed simultane- 
ously, and hence in the production of mono-methylamlme a portion 
of the aniline remains, m practice, unattacked. 2 

1 Pare methylamluie may La obtained by the reaction of methyl iodide on 
sodium acetanilide, C 6 H„ NNa(C 2 H,0), and saponification of the re- 
sultant compound by caustic alkali. 

s To sepal ate this from its mono- and di-methyl-dcnvativcs, dilute sulphuric 
acid is added as long as aniline sulphate continues to sepaiate The sulphuric 
acid solution is separated from the solid aniline sulphate by pressure m a 
linBn cloth, and the expressed liquid tieated with caustio soda The substance 
which separates is dried and tieated with acetyl chlonde until no fuithei 
use of temperature is observed, when the piodnct is poured into cold water 
On cooling, mefchyl-aoetamlide, 0 ( H S N(OH 3 )(OjHaO), sopaiates In long 
needles, while dimethylamline hydrochloride remama m solution 
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Methylanilme is a liquid 'boiling at 192°. It resembles aniline, 
but is lighter than water, and its odour is stionger and more 
aromatic The sulphate is soluble in ether and uncrystallisable. 
A solution of bleaching powder fiist colouis it violet and then 
blown The conversion of methylamhne into toluidine is re- 
ferred to on page 41 

Methylaniline-nitrosamine, C 0 H B br(CH 3 )(NO), separates as a 
yellow oil on treating a cold solution of methylamline hydro- 
chloride with sodium nitiite, while any aniline and dimethyl- 
aniline aie converted into soluble products If the nitrosamme 
be extracted by ether, and heated with tin and hydrochloric 
acid, it is reduced to methylunilme, which may thus be obtained 
in a pure state (compare page 7) The nitrosamme is destitute 
of basic pioperties It has an aiomatic odour, and may be 
distilled in a current of steam, but not alone When methyl- 
aniline-nitrosamine is wanned with phenol and sulphuric acid, 
the mixture diluted with water and saturated with caustic 
alkali, it yields the intense gieen-blue coloiation pioduced by 
all nitrosammes (L l e b e r m a n n’s reaction) When heated with 
alcoholic liydiochlonc acid it undeigoos molecular transfoimation 
into p a r a n 1 1 1 o s o - m e t h y 1 a n 1 1 1 n e, C a H 4 (NO) NH(CH 3 ), a 
body crystallises m giecn-plates or steel-blue pi isms, and other- 
wise resembling paianilioso-ditnethylaniline (page 75) 

Dimethyl-aniline C 0 H fi K(CH 3 ) 2 

Ibis unpoitnnt base is obtained by the action of excess of methyl 
iodide on aniline On the large scale, methyl iodide w r as formerly 
employed, but was afterwaids replaced by the mtiate, and this 
again (owing to its explosive properties) was supeiseded by the 
veiy volatile methyl chloride The pioduct obtained m tins way 
contained about 5 per cent of monomethyl-amlme, but no other 
admixtures. Dimethylauilme is now always manufactured by 
heating together a mixture of aniline hydrochloride, aniline, and 
methyl alcohol 1 The methyl alcohol employed must be quite 

The foimei product is saponified by boiling nth dilute hydrochloric acid, 
wlucli conveits it into acetic acid and methyl-aniline liydiochlondo Another 
method of sepaiating anihno fiom its mono- and di-methyl-dewvatives is 
refei i ed to m the footnote on page 76 Methyl-aniline can he re-founed by 
treating its nitioso-denvatives Willi tin and hydrochlonc acid 
1 The aniline must be fiee fiom toltudiue and impurities insoluble in 
hydioehlonc acid, and the methyl alcohol employed must be quite free 
from ethyl alcohol and acetone, the latter of which not only reduces the 
yield, but gives a product unsuitable foi the pieparation either ot methyl 
violet or malaehite gieen, owing to the formation of a base of the formula 
CH 2 (C 8 H 4 NfOHjljh 93 paits of aniline aie used, of which 18 aie saturated 
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free from ethyl alcohol and acetone, the latter of which not only 
reduces the yield, hut gives a product unsuitable for the prepara- 
tion either of mdhyl-molet or malachite-green, owing to the forma- 
tion of a hose of the formula • — Ctl 2 (C 6 H 4 N(CH 8 ) 2 ) 2 

Dimethylanilme is a colouiless oily liquid, solidifying at 0°5 
and boiling at 192°. It has a sharp basic odour, and forma 
uncrystallisahle salts. It unites with methyl iodide, with energy 
at the ordinary temperature, to form the iodide of tnmetbyl- 
phenylammonium, which breaks up again into its constituents 
on distillation, but by reaction with argentic oxide yields tri- 
niethyl-pheny 1-ammonium hydroxide, Me 3 PhN.OH, a 
ciystallme, very deliquescent, coiiosive, and very bitter base. 

With bleachmg-powder solution, dimethylanilme merely gives 
a pale yellow coloration, a leaction by which any contamination 
by aniline or mono-methylamline can he detected, as these 
bases give a violet colour with the samo leagent (page 45) 
Mild oxidising agents, such as chloramle, caibon oxyclilOude, 
and cupiic chlonde, convert the methylaniline into methyl violet 
(Part I page 234) With acid chlondes and aldehydes, it yields 
complex compounds Thus with benzaldehyde it gives t c t ra- 
ni e t h y 1-p ar adi ami do-tri ph eny 1m e tli aue, and the 
corresponding hydroxide or carbmol, C 6 II 6 [h T (CH 8 ) 2 ] 2 OH, 
obtained fiorn this by oxidation, is the base of malachite or hem- 
aldehyde cjieen (Pait I page 241) By leaction with diazobenzene 
chlonde, dimethylanilme is converted into dimethyl-amido- 
azobenz'ene, C 0 H 5 hT 2 C t H 4 N(CH 3 ) 2 , or Imttec yellow , while with 
diazobenzene-sul phonic acid it yields hehanihm or methyl-mange 
(Part I page IS 8) 

Pa)aniti oso-dimethylamlme, C fl H t (NO)F(CH 8 ) 2 , is produced by 
the action of nitnte of sodium or nitnte of amyl on dimethyl- 
aniline 1 It is manufactured on a large scale for the production 
with hydrochloric acid and 76 paits of methyl alcohol The excess of 
methyl alcohol, and comparatively small quantity of hydrochlono acid, toad to 
pioduce a purer oil With more hydiochlonc acid, tho reaction takes place 
at a low ei tempeiatiue, but tlieie is a dangei of fomung toluidme The 
mixture is heated at fiist to a temperature of 270°, at a piessurc not exceeding 
27 atmospheios When tho leaction is complete, m about 16 hours, the 
pressuio decreases without the temperature being reduced (Schoop, Cheat. 
Ze.it , xi 263 ; Jour JSoc. Chem. Ind , vi. 436) 

1 Ten pelts of dimethyl-aniline aie dissolved m 60 of stiong hydrochloric 
acid and 200 of water, and to the cold solution is gradually added a solution 
of 5 '7 paits of sodium nitnte m 200 of watoi, when the hydioc-hloride of 
the mtioso-compound is obtained as a body ciystallismg m yellow needles, 
from which the free base is obtained by tieatment with potassium carbonate 
and solution in ether. 
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of methylene-blue, mdophanol, and toluylene-red (Pait I, pages 
258, 285) It ciystalliscs in large green plates or tables, soluble 
in etlier By oxidation with potassium permanganate or fern- 
cyanide, it is converted into paranitro-dimethylanilme, 
G 6 TI 4 (1 S t 0 2 ) N(CH s ) 2 , which forms long, sulphur-yellow needles, 
melting at 162°-163° When boiled with caustic alkali, mtroso- 
diniethylamline is completely split up into dimethylamme, 
H N(GII s ) 2 (which may, by this icaction, readily be obtained 
pure), and nitiosophenoloi quinonoxime, C a H 4 0(IS T 0H) 
•(Pai't I page 157) 

Commercial DimethylamUne usually contains more or less 
aniline and monomethyl-amlme By the entrance of 
methyl into the benzene-nucleus, more or less dime thy 1- 
toluidme, C e H 4 (CH 3 ),N(CH 3 )„, and higher homologues are 
usually piesent m addition Hence the dimethylamhne of com- 
merce usually boils between 198° and 205° The smaller the 
range in the boiling-point the better the sample 

The presence of aniline and monomathyl-aniline is indicated by 
the rise of tempeiature produced on heating 5 o c of the dry oil 
with an equal measure of acetic anhydride This is stated to be 
0° 815 C for each unit per cent of monomethylamme present. 
For small peicentages this appears to be fairly ooirect, but with a 
product actually containing 30 per cent , an excess of over 7 per 
cent is said to be indicated A senous objection to the method is 
that it wholly fails m presenco of aniline But the piesence of 
aniline can be recognised by mixing a few drops of the oil with a 
few drops of ether, and adding one drop of strong sulphuric acid, 
when, ll aniline be present, its sulphate will separate as a white 
precipitate 

A more plausible method is that of Holtmg and B o a s s o n 
(Bet ' , x. 795), hosed on the different behaviour of the bases with 
nitrous acid, 1 hut the results yielded m piactice have been found 
1 When aniline hydrochlonde is tieated m cold solution with sodium mtnto, 
it yields diazobenzene chlonde, while dimethylanihne is converted into 
the hydiochloude of its nitroso-denvative (page 76) Both these bodies are 
freely soluble in water, while monomethyl-amlme is converted by the same 
treatment into the non-hasie methylaniline-nitrosammo, which 
can he extracted by agitating the liquid with ether If this reaction occurred 
in its simplicity, the monomethyl-amlme could he estimated from the weight 
of the mtiosninlne left on evaporating the etlieieal solution But when 
this is distilled m a euuent of steam, m which' the mtrosamine is vola- 
tile, a considerable quantity of nitrophenyl-methylnitrosamm e, 
C 6 H 4 (b[Oj) N(hrO)(OH s ), remains as a lesidue This body is cle.uly produced 
by the oxidation of the nitiosammc, and direct expeuinont shows that pure 
monotne tb jl -aniline, on treatment with excess of hitrous acid, is converted 
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unreliable by R e v e r d 1 n and de la Harpe. These chemists 
recommend ( Ghem . Zeit, xin. 387,407; Joui. Soc Cliem Ind, 
Yin 84), for the estimation of the aniline and methyl-aniline con- 
jointly, acetylisation of the liases, and estimation of the excess of 
acetic anhydride by titration with alkali > and for the estimation of 
the aniline, diazotising and treating the product with beta-naphthol 
di8ulphomc acid 

At ordinary temperatures acetic anhydride has no action on 
dimethylanilme, but on piolonged heating tetramethyl- 
diamido-plienylmethaneis formed m considerable quantity, 
if the reagent be m excess Monomethyl-amhne is converted into 
methyl- acetanilide, C a H 5 N(CH 3 )(C 2 H 8 0), and aniline in 
the cold yields acetanilide, C 8 H 6 NHC 2 H a O, but on heating 
more or less diacetanilide, C 8 H 6 N(C 2 H 8 0) 2 , is produced 
To avoid the formation of these secondaiy products the following 
method of working is lecommended — From 1 to 2 grammes 
weight of the sample is mixed as rapidly as possible with an accur- 
ately known quantity (about twice its weight) of acetic anhydride, 
in a small flask fitted with a reflux condenser After standing 
for half an hour at the ordinary temperature, 50 cc of water 
should he added, and the flask heated on the watei-bath for fifty 
minutes to effect the conversion of the excess of acetic anhydride 
into acetic acid The liquid is then cooled, diluted to a known 
volume, and an aliquot part titrated with standard caustic alkali, 
using phenolphthalein as an mdicatoi. 1 By this means the excess 
of acetic anhydride, C 4 H a 0 8 , is asceitamed, and the difference 
between the amount so found and that employed, is the weight 
which has reacted with the aniline and methyl-aniline contained in 
the sample. 51 parts of poetic anhydride consumed m the reaction 
correspond to 107 of base m terms of methyl-aniline, and the per- 
centage of base thus found (a) is calculated and recorded 

The aniline itself is determined as follows — Fiom 7 to 8 
'grammes of the sample is dissolved m hydrochlouc acid (28 to 30 
cc), and diluted with water to 100 cc 10 oc of this solution 

into it, to the exclusion of the simple wtiosamine. As the molecular weights 
of the two bodies aie materially different (181 138), the indefinite character of 
the reaction pieients the accurate deteimmation of the monomolbylamine 
(Revei dm and de la Harpe, Ohm. Zeit , xm. 387, 407; Jour, Soc 
Chem Ind , vui 84) 

1 H. Gnaud {Hull Soc Chvm., 1889, n. 142) modifies this process by 
employing the acetic anhydude dissolved in ten times its volume of dimethyl- 
aniline 10 c c of this solution is added to 1 gramme of the sample. After 
standing foi one houi m a corked flask, water is added, and the liquid (boiled 
for some time and) titrated with standaid baryta water oi phenolphthalein. 
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is further diluted with water and cooled by ice The solution is then 
diazotised by adding a solution of sodium nitrite m quantity suffi- 
cient to react with the whole of the sample if it consisted of aniline 
solely, A solution of the sodium salt of betanaphthol-disulphonic 
acid known as “SaltR” (Part I page 194) is meanwhile prepared of 
a stiength approximately conespondmg to 10 grammes of napkthol 
per litie, and its precipitating power is calculated from its known 
strength, or exactly asceitamod by experiment with pure aniline 
A measured quantity of this solution is then treated with ex- 
cess of sodium carbonate, and to it the ice-cold solution of the 
diazotised sample is slowly added. Common salt is then added 
till a precipitate ceases to form, when the liquid is filtered, and 
portions of the filtrate aie tested with salt JR and the diazo- 
solution respectively, to ascertain which of these two is piesent m 
excess Another experiment is then made with suitably varied 
volumes, until aftei a few tuals exact precipitation of the colouring 
matter is attained without sensible excess of eithei the naphtliol 
or dmzo-solution The factions which oceui aie as follow ■ — 


C 0 H 6 NH 2 , HC1 + HN0 2 = C 0 H fi N N 01+2H 3 0 , and 
C„H 5 ,N s 01 + C 10 H s (OH)(SO 3 Na) 2 = HOI + 0 6 H C N 2 O 10 H 4 (OPI)(SO 3 Na) 3 
Prom these foimulte, and the volumes of the two solutions required 
for exact reaction, the weight of aniline present can be calculated. 
1 gramme of salt R will react with 0 2672 gramme of aniline. 
The percentage of aniline thus found (b) is multiplied by 1 15 
( _ 12), which gives its equivalent in methyl-aniliue, and this (c) 
subtracted from the sum of aniline and methyl-amhne in terms of 
methyl-aniline found by the acetylisation process (a) gives the per- 
centage of real methyl-amhne (d) present. The dimethyl-aniline is 
determined by difference. 

In the case of a sample of known composition, Re verdin 
and de la Harpe obtained the following satisfactory results 
by the foregoing process . — 

Present. Found, 

Aniline, 10 42 per cent. 10 30 per cent. 

Monomethylanihne, 1097 „ 1116 „ 

Dimethylamlme (by 

difference), 7861 „ 78 '5 4 „ 


lOO’OO „ 100 00 


The presence of monomethylanihne is more objectionable in dia- 
methylanilme intended for the manufacture of green than m that 
to he used for violet, S eh o o p ( Ghem . Zeit., xi, 254) states that 



^ENYLAMim 


rtata, "“— 

¥^^. I ^-'S25“«-'r ° f -*- 

obtained The h ® or *0 hours w-. > ,, ne molecule of ethvl 

piPHENVLAMiH-B p,/ be obtained bv exnahr l ot ° luid ‘ne and 

This base is obtain ff* YLANlLI $B C E wn5!w 81 ' “icons. 

by water Thl ' f^ 011 tums bine w o, B hydro ^onde is 1 J a 
de , ep bIue colour produced 0 ? 1 ’ 18610 reactl °“ ofdiphe "i cleeon P°^d 
Z utl0n * ctroJsS ? b * adding a taj T^ 1 ^ 6 » the 
delicate ia Anil ,i ® ^piiuric acid citric acid tn it-* 

*”"'* " ,e,T 

«■ *SS^“^a?oT)S SV’SV" “ "«' 

Piunc acid it f L° U r reactlons with oxidism^’ boils flt 282° and 

fom ■'■«■*«< »i- 

Six p artg , OU1UC10Q of 

^iiisssg® 

mmmm 

S “ rge IMutity of water. “ 3 a Vid, 



AMXDOPHEN OLS. 


Warm nitric acnl converts diphenylamine and its methyl- 
derivative into C 6 H 2 (170 3 ) 8 , hexamtro-di- 

ph enyl'amm e, the ammonium salt of which constitutes the 
colouring matter known as aurantia (Part I page 156) 

Para-amtdo-diphonylamim leaults from the reduction of phenyl- 
amido-azobenzene, mtro-phenylamine, or tropceohn 00 (Part I. 
pages 181, 189, 190, 213) 

Tbiphenylaminic Diphenylaniline (C 6 H 6 ) s N 
This hody is formed by the action of bromohenzene on dipotas- 
sium aniline It is a neutral body, molting at 127°, and crystallising 
fiom ether m monoclmic pyiamids It forms no isomtnle, piciate, 
nor acetyl-compound, but yields iodide of tnphenyl-m ethyl-am- 
monium on treatment with methyl iodide Its solution m glacial 
acetic acid is coloured green on adding a little nitric acid, but with 
sulphuric acid it gives a violet coloration changing to blue 

Amidophenols. 

By the reduction of the mfcro phenols, corresponding amido- 
compoundB are obtained These bodies may also be prepaied by 
heating either of the three isomeric amido-hydroxybenzoic acids, 
GgH^NH^OH COOU, with caustic baiyta 

In the amidophenols the acid character of the phenols is neutral- 
ised by the presence of the amido-groups, so that they only yield 
salts with acids , but as phenols they are still capable of yielding 
olkyl-deiiv.itives (eg , a n l s l d i u e), while the hydrogen of their 
amnio-groups may be replaced for acetyl, &c,asmphenacetin 
The amidophenols form colourless crystalline soales or plates, 
which are very readily oxidisable on exposuie to air, with 
blackening and formation of resinous products, especially if 
impure On the other hand, their hydrochlorides are 
relatively stable, and often capable of sublimation The solution 
of pat amidophenol hydrochloride is coloured first violet and then 
green by solution of bleaching powder, quinone chlorimide, 
Cg^O^Cl), being formed, while with chromic acid mixture, 
and other oxidising agents, it yields quinone, C 8 H 4 0 2 Treat- 
ment with sulphuretted hydrogon and feme chloride converts 
it into compounds of the methylene-blue group (Part I page 285) 
The foimyl- and acetyl-derivatives of the amidophenols are 
converted with gieat facility into anhydro-bases Thus e t h e n y 1- 
amidophenol, a basic liquid boiling at 200° to 201°, is 
obtained by boiling ortho-amidophenol with acetic anhydride, 


CgH/OII) NHC 2 H 3 0 = C fl H i < 


>cch 3 +h 2 o. 
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When this body is heated with dilute acids, the reverse action 
occurs, acetyl-orthoamidophenol being formed. 

The methyl Asters of the amidophenols (amsidmes or 
axmdo-amsols), and the corresponding ethyl esters (phenethi- 
dmes or amidophenatols), are .bases resembling aniline, and are 
employed for producing certain azo-dyes (e g., anisol red, jjhenalol 
red, Pait I page 192) The acetyl-derivatives of these 
esters are used m medicine under the names of metaeetin and 
phenaceim (see below). 

The following table shows the characters of the isomeric amido- 
phenols and then' derivatives — 



f°(C z H 6 ) 

^4j NH (C0CH s ) 

The bodies of this formula have recently acquired some reputa- 
tion as antipyretics and analgesics. 

The phenacetms are prepared by ethylating the corresponding 
mono-nitrophenols, thus obtaining the isomers of the formula 
C 6 H 4 (N0 2 ) OC,jH e On treatment with zmc or iron and hydro- 

YOIi m. PART II. F 




chloric acid, these are reduced to the corresponding phen- 
ethidmes, C e tI 4 (NH 2 ) OC 2 H B , which aie purified and acetyhsed 
by heating with glacial acetic acid for some hours, the products 
being recry tallised from water 

Of the three isomeric phenacetms, the meta-compound is unim- 
portant It forms tasteless and odourless scales, melting at 96 

Pa? a-acetphenethidine is the official variety in the German and 
Butish Pharmacopoeias (1890) It forms white, odourless, taste- 
less, glistening scaly crystals It requites 1400 parts of cold, or 
7 0 parts of boiling, water for solution, and is soluble to a notable 
extent in chloioform. Its solution in 16 parts of alcohol is precipi- 
tated hy the smallest addition of water The crystals melt at 135°. 

0? tlw-acetphenethidine forms brilliant white, very light spangles, 
without tasto or odour, and melting at 70° C It is very slightly 
soluble m cold, but more readily m hot, water, separating agam on 
cooling It dissolves m about three paits of rectified spmt, and 
abundantly m chloioform 

Besides the differences m their melting-points and solubilities, 
para- and ortho-phenacetm are distinguished by their behaviour 
when boiled for seveial hours with dilute sulphuric acid (sp gi 
126) When thus treated, the para-compound yields acetic acid 
and spaimgly soluble sulphate of phenethidme. Orthophenacetm, 
on the other hand, is not decomposed by the same treatment, re- 
quiring the action of acid of 1 575 specific gravity for two liouis at 
90° to effect its saponification 1 If m either case the acid liquid 
be diazotised, and then treated with an ammomaual solution of 
nftphthol-disulphonic acid, a fine red-yellow colour will be obtained 
if paraphenaoetm was employed, while with the ortho-compound 
a cherry-red coloration is produced In either case the colouimg 
matter may bo pieeipitated by bune. 

This formation of an azo-colouring matter may be employed to 
detect the phenacetms in urine and other organic liquids The 
urine is evaporated to dryness, and the residue heated with hot 
alcohol The solution is filtered, evaporated, and the residue boiled 
for two hours with dilute sulphuric acid (sp gr. 1 26) under a 
leflux condensor The resultant solution is cooled to 5° or 6°C, 
treated with a 1 per cent, solution of sodium nitrite for five 
minutes, and then poured into a solution of napthol-disulphonic 
acid m excess of ammonia, taking care that the mixture remains 

1 S Lattice detects orthophenacetm hy boiling 15 grammes of the sample 
with 25 grammes of dilute liydrochlorio acid, when ortho-phenethidme hydio- 
clilonde is foimed, from which the ftee base may be separated by caustic soda, 
and its boiling-point (given hy Luttke as 242° 6) determined The hydro- 
clilonde gives a blood-red Coloration with ferric chlonde 
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alkaline If either modification of plienacetin he present jn the 
urine a characteristic coloration will he produced, from the intensity 
of which the amount of plienacetin may be estimated 

Eoi medicinal use, phenacetm is said to present considerable 
advantages over antipyrme, and especially over antifebrm (acet- 
anilide), for while the lattei body is decomposed in the system 
with formation of aniline, which has maiked toxic pioperties, 
phenacetm yields phenethidme, C 0 H 4 (OC 2 H 6 ) NH 2 , and 
amidophenol, C 6 H 4 (OH) HHj, which are said to be haimless 
Paraphenacetm, m doses langmg from 8 to 20 grains foi adults, 
and from 2 to 3 grains for childien, is said to he a valuable anti- 
pyretio and anti-neuralgic, without producing nausea, ' vomiting, 
cyanosis, or disagieeable after-effects Being neaily insoluble, it is 
best given in the form oi powdeis The dose of orthophenaeetm 
required to produce the same effect is larger than that of the 
paia-compound, which is that of the British and Gernan Pharma- 
copoeias. 

According to Beuter ( Pharm Zeit , 1891, page 185) phena- 
cetm is liable to contain unconveited para-phenethidme, which 
appears to he poisonous m very small doses, if taken for some time, 
pioducing nephutis and albuminuria To detect the impuiity, 
Beuter melts 2J grammes of chloral hydrate at 100°, and adds 
0 5 gi amine of the sample On agitation the phenacetm dissolves, 
and, if pure, the solution will remain colourless when heated on 
the water-bath for five minutes, though after longer heating it will 
assume a rose tint, In presence of para-phenethidme, an intense 
coloration, ranging from red-violet to blue-violet, is pioduced in 
two or three minutes at most 

S, Luttke detects diamidophenols or dtamidophenatoU m 
plienacetin by grinding 0 5 gramme of bleaching powder to a fine 
paste with hydrochloric acid, and adding about 0 03 of the sample, 
when a red colour will be produced 

The lower price of acetanilide, and its close physical resemblance 
to phenacetm, have suggested the possibility of the partial or com- 
plete substitution of the foimer body for the latter, and a flagrant 
instance of such a practice is actually on record (Pharm Jour., [3], 
xxi 377) The presence of 5 pel cent of acetanilide lowers the 
meltmg-pomt of the sample to 127°-128° 

H Schwartz (Phatm Jour., [3], xvm 1085) recommends 
that 1 gramme of the suspected sample should be heated With 2 
c.c, of caustic soda solution, a fragment of chloral hydiate or a few 
diops of chloroform added, and the mixture again gently heated 
With phenacetm the odour is aromatic and not disagieeable, but 
m presence of acetanilide, the penetiatmg and repulsive smell of 
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phenyl-carbamme, C B H 6 NO, is produced. 0 a boiling the 
sample -with, caustic soda solution, oily drops of aniline separate if 
acetanilide be present m considerable quantity. If the cooled liquid, 
together with the separated globules, be shaken with ether, and the 
ether separated and evaporated, the residue when dissolved m water 
and treated with a drop of carbolic acid, and a clear solution of 
bleachmg powder added, gives a blue-green coloration changed to 
onion-red by hydrochloric acid, and restored by ammonia (See also 
Jour. Soc Chem Ini , vn. 772 ) 

For the detection of acetanilide m phenacetm, M J Schroder 
recommends that 0 5 gramme of the sample should be boiled with 
8 c c of water, and the liquid filtered when cold from the reerystal- 
lised phenacetm. The filtrate is boiled with a little potassium 
nitrite and dilute nitric acid, a solution of mercurous mtiate con- 
tinuing a little nitrous acid added, and the whole again boiled. A 
red colour will be obtained if the proportion of acetanilide m the 
sample exceeds 2 per cent 

If 1 gramme of a mixtuie of equal parts of phenacetm with 
acetanilide be shaken with 200 eo of water, the whole of the 
acetanilide goes into solution together with 0130 giamme of 
phenacetm, while the remainder of the phenacetm remains in- 
soluble. If this be separated, its weight, when conected by an 
addition of 0130, will represent the phenacetm present m 1 
gramme of the sample {Phaim Jour., [3], xxi 377) 

Phenacetm has been made official m the German Pharmacopoeia 
(1890), the maximum dose being 1 gramme It is stated to 
melt at 135°, and dissolve in 1400 parts of cold, 70 of boiling, 
water, and 16 of spirit to foim neutral- solutions It is dis- 
tinguished from exalgin and antifebrm by boiling 0 1 gramma 
for a minute with 1 cc of hydrochloric acid, adding 10 cc, of 
water, filtering, and adding to the filtiate S drops of a 3 per 
cent, solution of chromic acid, when a ruby-red colour wi(L be 
gradually developed. (See Pharm Jour , [3], xxi 978) Strong 
sulphuric aeid should dissolve phenacetm without becoming coloured, 
while a saturated solution, if free from phenol and acetanilide, will 
not become tuibid on adding bromine-water The description of 
phenacetm m the British Pharmacopoeia additions (1890) closely 
corresponds with the above The dose is from 5 to 10 grams 

Meihyl-phenacehn, 0 0 II 4 (O C 2 H 5 ) N(CH 8 )(C 2 H 3 0) This body 
is prepaied by tieatmg pava-phenacetm m xylene solution with 
sodium, and causing the resultant sodium-derivative to 
ieact with methyl iodide {Pham Jam , [3], xxi 81) The 
new pioduct distils at about 300° C as an oil, which crystallises 
on standing. It may he purified by rocrystalhsation from alcohol 
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or ether, when it forma colourless crystals, moderately soluble m 
water, and having marked narcotic as well as antipyretic characters 
Amido-pai aphenacetm, C„H 4 (0 C 2 H 6 ) NH(CO CH 2 NH 2 ) The 
hydrochloride of this base is readily soluble m water and alcohol, ( 
and has been introduced, under the name of “ phenocoilum hydio- 
chloricuml’ as an antipyretic and antirheumatic Prolonged boiling 
With alkalies splits it into para-phenethidme and glycocine. 

Fmnyl-paraphenethidine, C a H 4 (0 C g H 6 ) EH(CO H), though hav- 
ing a constitution similar to acet-phenethidme, appears to have 
no antipyretic properties, but has been suggested as an antidote' 
m cases of poisoning by strychnine 

Methacetin is the commercial name of par a-a cet-amsidme, 
C 6 H 4 (0 CHj) NH C 2 H b O. It is, consequently, the lower homologue 
of phenacetm (page 81). It forms a crystalline powder or 
small lustrous scales or plates, odourless, but of a faintly bitter 
taste It melts at 127° C, and at a higher temperature boils 
and distils unchanged It dissolves m 526 parts of cold, or 12 
of boding, water, and is easily soluble in alcohol, acetone, chloro- 
form, and dilute acid and alkaline liquids It is less soluble m 
benzene, and only with difficulty m ether, carbon, disulphide, 
petroleum spirit, and o;l of turpentine, but dissolves freely, on 
warming, in glycerin and fixed oils In its general reactions 
and physiological effects, metacetin closely resembles phenacetm, 
though according to some authorities it has a less powerful, and 
aooordmg to others a more poweiful, action. Its efficacy in eases 
of neuialgia and rheumatism is said to greatly exceed phenacetm, 
from winch it may be distinguished by its physical characters, 
or by heating it with a quantity of water insufficient for its 
solution, "When thus treated, methacetin melts and solidifies 
again on cooling, whereas phenacetm undergoes no apparent 
change 1 o e. of hydrochloric acid dissolves 0 1 gramme of 
methaoetin vary easily, whereas the same quantity of phenacetm is 
mainly undissoived 

Diamidofhenols C 6 H s (OH)(NH 2 ) 2 

These bodies are weak bases, forming salts which crystallise 
well and give aqueous solutions which turn brown m the air, 
and are coloured an intense violet or dark red by potassium, 
bichromate, ferric chloride, or bleaching powder 
Tbiamidophenoi, C e H 2 (OH)(NH 2 ) 3 

This body is an unstable base resulting from the complete 
reduction of picric acid, C a H 2 (0H)(25T0 2 ) g) m acid solutions. 
If alkaline reducing agents he employed, the action does not 
proceed beyond the formation of dimtro-amido-phenol or 
p i c r a m i c a c i d, C 6 H 3 (0H)(NH 2 )(N0 8 ) 2 (see Tart I. page 143) 
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A dilute solution of tnamidophonol is coloured deep blue by 
ferric chloride. 

Phenylene-diammes. Diamidobenzenes. 

Three modifications of phenylene-diamme or diamido-benzene, 
C 0 H 4 (NH a ) g , are known, differing from each other in properties 
according to the positions of the amido-groups, thus — 



Ortlio Compound 

1 2 

Meta Compound 

Para Compound 

Appearance, 

Tablets oi plates 

Crystalline mass 

Tablets or small 

Melting point, . . 

102”-1QS’ 

08” 


Boiling point, . . . 

202° 

287” 

207” 

Characters of hydro 
chloride, 

Oioupsof ladiatlng 
needles, readily 
soluble 

Cuncontilcally ar- 
ranged crystals 

Readily soluble 

apaiiugiy soluble 
in^ hydrochloric 

Reaction in neutral sola- 

Separation of 

Yellow or brown 

No reaction 

nitrite, 

a colourless oily 
liquid 

piedpitate ot 
tilainldoaso 
benzene 



Ortho-phbnylene-diamine is distinguished from its isomorides 
by its reaction with sodium nitrite, and by the sepaiation of 
ruby-red needles on adding feiric chloride to the solution of its 
hydrochlondo. On treating an alcoholic solution of the base 
with a drop of phenanthraqumone dissolved in glacial acetic acid, 
and boiling foi a short time, a bright yellow precipitate of 
diphenylene-qumoxaline, C g0 H lg N g , is formed. It con- 
sists of small needles which are coloured a deep red by strong 
hydrochloric acid, and its production affords the most delicate 
reaction for ortho-phenylenechamnie Its isomendes do not give 
the reaction, but its, homologue, ortho-toluylenediamme, 
behaves similarly. 

Meta-phenylbnb-diamine may be prepared by the reduction of 
meta-dmitrobenzene (Part I page 178, footnote) It often remains 
m a state of superfusion for some time, but is instantly solidified by 
adding a crystal of the solid substance Metaphenylene-diamme is 
sparingly soluble in water, the solution being alkaline m reaction, It 
is readily soluble m ether, aud may be extracted by this solvent from 
alkaline aqueous liquids. It is a di-acid base, the hydt odilonde 
being C 6 H 4 (NH 2 ) 2 ,2HC1. The reaction of metaphenylenediamme 
with sodium nitrite is characteristic and extremely delicate. It is 
due to the formation of Bismarck or phenylene brovm (Part I. page 
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1 80), and. "by means of it one part per million of nitrous aeid can 
"be detected m wator. 

Metaphenylcnediamme possesses maiked poisonous properties, 
its physiological action resembling that of the leucomames and 
ptomaines. Dubois and Yignon ( Gompt Rend, cvu 633) 
experimented on dogs, and found that a dose of 0 1 gramme per 
kilogramme of the animal produced salivation, vomiting, diarrhoea, 
abundant excretion of unne at intervals, and death by coma in 
twelve to fifteen honrs Besides these seveier symptoms, all those 
of intense influenza were produced, such as acute coryza and sneezing, 
coughing, and extreme depression 

Para-phektlbnb-diaione occms m aniline tailings (page 67) It 
may be prepared by the reduction of paraiutraoetanilide It is but 
slightly soluble m water, but readily m alcohol and ether. "When 
heated with dilute sulphuuc acid and manganese dioxide it yields 
q u i n o n e, C 6 H 4 0 2 , which reaction distinguishes it fiom its iso- 
merides On passing sulphuretted hydrogen through a solution of 
the hy droohlonde, and then adding ferae clilonde, thionine or Lauth's 
molet is formed (Part I page 286) 

Para-phenylenediamme possesses poisonous properties similar to 
those of meta-phenylenediamme, hut death occurs more rapidly than 
with the latter base It also exerts a special action on the eye, 
which is gradually forced out of its mbit by the swelling of the con- 
junctiva or intra-orbital cellular tissue , while the lachrymal glands 
are blackened by a deposit of pigment (compare “Toluylene- 
diamines") 

Dimethyl-par apt imylenediamme, H 2 N C 6 H 4 N(CH 3 ) 2 , may be ob- 
tained by the reduction of nitrosodimethyl-anilme or of helianthm 
(Paifc I pages 188, 211) A neutial solution of the hydrochloride 
is coloured a beautiful purple by feme chloride , and on treating it 
with a hydrochloric acid solution of sulphuretted hydrogen, and 
then adding ferric chloride till the smell of sulphuretted hydrogen 
has disappeared, a fine blue coloration is obtained, due to the for- 
mation of methylene blue (Part I page 286). This reaction is the 
most delicate test for 

Toluyienb-diamines Diamidotolbenes. C fl H g (CH s )(NH 2 ) 3 
These bases closely resemble the phenylene-dianunes The ortho- 
yiam-modification (CH 3 NH 2 ■ NH 2 =1:2 4) is obtained by the 
reduction of ordinary duntrotoluene. It melts at 88°, is used for 
the production of toluylene red and toluylene orange. The 1 ; 8 : 4 
(meta-para) modification is obtained by mtrofymg acet-paratoluide, 
saponifying, and reducing 1 Janovslcy (Jour. Soo Chem Ind , 
1 This modification appeals to be identical with the paratolnylenediarmne 
isolated hy Hell and Soho op from aniline tailings ( Senchte , in 723). 
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ix 383) give's the folio-wing table of leactions of neutral or slightly 
acid solutions of the two isomeric toluylene-dianrnes — 


Reagent 

a-loluylene-diamiue 

OHg = l 2 4 

fl-Toluylene-dlamlno 

CH„ NH a HS,=1 8 4 

Berate chloride 

No change at first , after 
standing foi a long time 
on orange coloration 

Wlna-red coloration 

Potassium bichromate 

Yellowlsh-biown ooloia- 

Reddish-brown precipl- 

Potassium ferricyamde 

Olivo-greon crystalline 
plates 

Dark rod coloration, 

Bromine water 

Yellowish white preolpl- 

Brown Books and magenta 
red solution 

Platinio ohlortdo 

Yellowlsh-browu colora 

Reddlsh-browp preolpi- 

Auric chloride 

Blown preolpltate 

Red solution with blue 
reflex and motaUio mh- 
ror In the cold 

Potassium nitrate 

In very dilute solattone a 
golden-brown coloi atlon , 
in concentrated a brown 
preolpltate 

No ooloiation, but a sal 
mon-ooloured preoipi- 

Solution of bleaohlng 

iteddlsb- brown colora- 

Dark-rod coloration, then 

powder 

tion and then a light 
brownish yellow preoipi- 
tnte 

an^ollve green preolpi- 


The foregoing reactions are available, even in presence of other 
substances, for the detection and identification of the toluylene- 
diamines, which often result from the reduction of azo-dyes, 

The toluylene-diammes are powerful poisons (compare “ Meta- 
phenylenediamine,” page 87) 1 

Benzidine. Dipara-atmdo-diphenyl, 

C 18 H 1!! N 2 =]SH 1 C 8 H 4 C e H 4 NH 2 (1, 4 : 1, 4) 

This body is obtained by the reduction of diparamtro-diphenyl, 
iT0 2 C a H 6 .C a H 4 N0 2 , by nascent hydrogen (tm and hydrochloric 
acid) A readier method of preparation is the following — An 
alcoholic solution of 10 parts of azobenzene, C B H 6 N N C e H c , 

1 Engel and Kiener {Odrrlpt Xend , cv 466, Jour Qhem Soc , liv 81) 
find the symptoms to vary considerably acooiding to the time requhed to pro- 
duce death, which ranges from a few hours in acute cases to seveial weeks m 
chrome cases 'When death ensues m a few days, there is always ictana, and 
often hamoglobinuna, and the mine is loaded with tat and yellow and brown 
pigment granules, which sometimes contain iron This ferruginous pigment 
accumulates m the spleen and marrow, and seems to bo formed from the haemo- 
globin in the protoplasm from the cellules, and not from the red corpuscles. 
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is treated with a solution of 3| parts of tm m concentrated 
hydrochloric acid, and the liquid warmed for some time 
Hydrazohenzene, C B H S hHI NH C B H B , is formed, which by 
intramolecular change is converted into benzidine (dihydro- 
ehlonde) Some of the isomeric ortho-para-diamido- 
diphenyl is simultaneously formed, and a poition of the 
azohenzene is reduced to aniline, C B H B HH 2 , The alcohol is 
distilled off, the residue dissolved in water,' and sulphuric acid 
added The nearly insoluble benzidine sulphate is precipitated, 
while the sulphates of the isomeric base and of aniline remain 
in solution The piecipitate is washed with dilute hydrochloric 
acid (to remove tin salts) and treated with ammonia, the 
liberated benzidine being crystallised from dilute alcohol. Ben- 
zidine is also produced by treating azohenzene with sulphur 
dioxide Benzidine is manufactured 1 on a large scale by heating 
nitrobenzene with caustic soda, a little alcohol, and the propoition 
of zinc-dust theoietically sufficient to reduce it to hydrazohenzene 
The product is washed with cold dilute liydiochlorie acid to- 
remove oxide of zinc On subsequently heating it with dilute 
hydrochlonc acid, it is converted into benzidine dihydrochlonde. 

Benzulme forms large pearly plates, which aie colourless when 
pure, but rapidly turn red on exposure to the air It melts at 122°, 
and boils with partial decomposition above 360° Benzidine is- 
very sparingly soluble m cold, but readily in boiling, water, and 
is easily soluble m alcohol and ether 

Benzidine is awell-defraed di-acid base, forming erystalheable salts. 
The sulphate is very sparingly soluble m water, even when boiling 
On adding potassium bichromate to a concentrated solution of 
benzidine hydrochloride, a deep blue crystalline precipitate, con- 
taining C 12 H B (NH 2 ) 2 Cr0 4 , is immediately formed. The same 
precipitate is formed on warming, even in very dilute solutions 
■When chlorine-water is added m small quantity of a solution 
of benzidine hydrochloride, the liquid assumes a fine blue colour, 
which on further addition of chlorine-water changes to green ; and 
ultimately, when the chlorine is in excess, a flocculent led pre- 
cipitate is formed, apparently containing C 12 H 7 Cl a N 2 0, soluble 
m alcohol and ether, and forming a colourless compound on 
reduction Bromine-water and a solution of bleaching powdci act 
similarly, hut m presence of a large quantity of free liydiochlorie 
acid bromine forms tetrabrombenzidine, melting at 285° 
With nitrous acid, solutions of benzidine salts react to form 
tetrazo-componnds which leact with phenols, phenol- 
sulphonic and carboxylic acids, amidosulphonic acids, &c , to 
foim the important class of bodies known as “ tetrazo-dyes," of 
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which umgo-red is the type (Part I page 206), and which are 
lemarkahle for dyeing cotton without a moidant 

OaTaoTOUDiNB, hTH 2 C 0 H a (CH 3 ) (CH 3 )C 8 H a h T H 2 This base 
is homologous with benzidine, and is piepared from ortho-mtro- 
toluene by the same piocess by winch benzidine is piepared from 
nitrobenzene It melts at 128°, and piesents a close resemblance to 
benzidine The tetiazo-dyes prepared from it are less readily 
altered by aoids than are tbe similar dyes piepared from benzidine. 


NAPHTHYLAMXNES AND THEIR ALLIES. 

When naphthalene, C 10 H 8 , is treated cautiously with nitric 
acid, nitronaphthalene, C^I^FO,), is toimed, and this by 
tieatment with reducing agents is converted into amido-naph- 
thaiene or naphthylamme, C 10 H 7 (NH 2 ) These reac- 
tions aie strictly analogous to those by which aniline is prepaied 
from benzene, and the product is known as alpha-n a p h t h y 1- 
amme But by other reactions the isomeric ldla-n aphthyl- 
aiume may be obtained These two bodies differ from each 
other in a notable manner, as indicated in the following table • — 



Alpha 

Naphthylamme. 

Beta- 
'S aphthylamme 

Structuia] Foimula, . 

CH 0 ITflj, 

Yyv 

nc! 1, lor 

cn OH 

h/YXk* 

ncj^ 1 Ion 

OH CH 

Melting-point, , . , 

BO 0 

He" 

Boiling-point, . . . 

300" 

294° 

Odour, .... 

Disagreeable, persistent 

None 

Apponrance, 

Elat needles or pnsms 

Peaily plates 

Reactions ofliydrochlo- 
ndo in solution • — 
With feme ehlonde, 
With rations acid m 
alcoholic or acetic 
acid solution, 

With sulpliamlic acid 
and sodium nitrite, 
followed hy hydro- 
chloric acid, 

Blue precipitate 

Yellow colour, turned 
crimson by hydro- 
olilouc acid 

Red coloiation 

No reaction 

No reaction 
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o-N aphthylamine . C 10 H, nii 2 . 

Tins base ia obtained (as alieady stated) by the leduetion of 
mtionaphthalene, or by heating a-naphthol with the double com- 
pound of chlonde of calcium and ammonia 1 

a-Naphthylamine has a most disgusting and persistent odour, re- 
sembling that of faces It turns violet or brown m the air, but when 
purified by sublimation this change occurs very slowly, and only on 
exposuie to an and light It is slightly volatile with steam. 

a-Naphthylamine is nearly insoluble m water, but very soluble 
m alcohol and ethei It forms a series of readily-ciystalhsable, 
easily-soluble salts On adding ammonia to a solution of the sul- 
phate, the free base is precipitated m white silky needles 

On adding feme chloride to a solution of a-naphthylamme, or 
of one of its salts, an azure blue precipitate ofnaphthamem is 
produced, which rapidly becomes purple, but is unchanged by treat- 
ment with sulphurous acid Other oxidising agents (eg, chiomic 
acid, bleaching powder) produce precipitates varying m colour from 
blue to violet or red 

On adding an alcoholic solution of nitions acid to a solution of 
a-naphthylannne m alcohol or glacial acetic acid, a yellow coloui is 
produced, which, on adding a little hydrochloric acid, changes to 
an intense violet or magenta colour , or, m piesence of only traces 
of naphthylamme, to a reddish colour 

If to a cold solution of alpha-naphthylanune sulphamlic acid and 
sodium nitrite he added, a red colour is produced on adding hydio- 
chlonc acid, owing to the formation of amidonaphthyl- 
azobenzene-sulphonic acid, C 10 H e (NH,) N 2 C 8 H 4 (S0 8 H) 
a-Naphthylamme is used for the preparation of Magdala ? ed (Part 
I p 257), certain azo-dyes, and naphthalene fanoy-coloura on cotton, 
Commeiaial a-naphthylamine ought to melt at 50° C , and be 
almost completely soluble in dilute hydrochloric acid Naphthalene, 
the presence of which causes incomplete solubility, may be deter- 
mined by distilling the acidulated solution m a current of steam, 
agitating the distillate with ether, separating the ethereal layer, 
evaporating it at a low temperatme, and weighing the residue 
1 On a large scale, a-naphthylamme is prepared in a manner very similar to 
that employed for the production of aniline Nitronaphtlialene is l educed by 
iron and hydiochlouc acid at a temperatiue of about 50° When the reduction 
is complete, milk of lime ib added, and the naphthylamme distilled off by the 
aid of supeiheated steam The crude product is purified by redistiUation, when 
it is obtained as a nearly colourless oil, winch solidifies to ciystalline oakes of a 
greyish colour It appeals to be wholly free from 0 -naphthylamme, but 
contains an lmpuiity which is probably 1 I'-naphthylene-diamme, 
C M H«(NH a )„ (0. N. Witt, Dinql. Polyt. Jour , cdxv 225) 



/3 Naphthy lamina. G 10 H, NH 2 . 

This modification of amidonaphthalene is most,readily obtained by- 
heating /3-naphthol under pleasure with ammonia at 160°, or with 
the double compound of zinc chloride and ammonia at 200°-^210°, 
/3-Naphthylamine is odourless and more stable than the a-modi- 
fieation. It volatilises m a current of steam, and is slightly soluble 
in cold, more readily m hot, water, the solution exhibiting a blue 
fluorescence, which, however, is not shown by /3-naphthylamme 
salts jS-Haphtliylanune gives no coloration with oxidising agents, 
nor with nitrous and hydrochloric acids m alcoholic solution. 

Gommeieiat / 3-naphthylamme ought to melt at 112° G, and he 
completely soluble m dilute hydrochloric acid 
Tetrahtdbo-/3-naphthylaminb C 10 H n NH 2 
This base has been introduced into medicine under the name of 
“Th ermine” It is a colourless, slightly viscous liquid, of 
peculiar odour. It is a strong base, a drop soon becoming converted 
into a crystalline mass of the carbonate on exposure to air. The 
hydrochloride forms well-defined white crystals, melting at 237°, 
and readily soluble m water, alcohol, and amylic alcohol 

The physiological effects of therimne embrace the two strongly- 
marked characteristics of mydriasis (accompanied by pain) and 
elevation of the temperatuie, which lattei effect has been observed 
to the’ extent of 4^° C 

Naphthylamine-Sulphonic Acids. 

When treated with dilute sulphuric acid, the naphthylarumes 
dissolve easily with formation of sulphates, but by the action of 
concentrated sulphuric acid at a high temperature they are con- 
verted into sulphomc acids Thus when a-naphthylamme is heated 
with fuming sulphuric acid, two isomeric sulphomc acids aie formed, 
one of which is readily soluble m water, while the other is only 
sparingly soluble The latter modification crystallises m small 
lustrous needles, ’and m aqueous solution exhibits a beautiful 
fluoresoenee. Similarly, /3-naphthylamme yields on sulphonation 
several isomeric acids According' to A G. G r e e n (Bbi , xxu 
721), at moderate temperatures (100° 0), and with ordinary sul- 
phuric acid, the product is a mixture of a and y acids, having 
their sulphonie gioups m the a-position , while at a higher tem- 
perature (160°-170°) /3 and S modifications are produced, having 
their sulphomc groups in the ^-position. The ammonium salt of 
the /3-acid is less soluble than the thiee isomeric salts, and by tbis 
means the /3-acid can readily be isolated. 

The a-napbthylamine-sulphonic acids may also’ be obtained 
by treating nitronaphthalene, C 10 H 7 NO 2 , with filming snl- 
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phuiic acid, and reducing the resultant mtrnnaphthalene-sulphonic 
acid, C 10 H fl (NO 2 )(SO 3 H), with iron and liydroohloiio aoid. Two 
isomeric amido-sulphomc acids are obtained in this case also 

The naphthylaimue-sulphomc acids are also conveniently pre- 
pared by heating the conesponding naphthol-sulphonie acids (Part 
X pages 194, 207, 208) with ammonia under pressuie 

Naphthylamme-disulphonic acids may be obtained 
by reactions similai to those described above Two of these 
derivatives of /J-naphthylamine are technically known as “ Amido- 
acid E ” and " Amido-acid G ” The lattei, or -y-acid, is not capable 
of leactmg with diazo-oompounda, but the first, or a-arad, produces 
colouung matters which yield colourless solutions on reduction 1 

Naphthylene-Diamines. C 10 H fl (NH 2 ) 2 
These bases may he formed by heating the corresponding 
dihydroxynaphthalen.es with ammonia, by the reduction of the 
dimkonaphthalenes, and in other ways 

The following table exhibits their leading properties — 


Position o£ 
the Amido Gioups 

- 


aj, *4 

<■], fh 


Made of preparation, 

na'phthyl- 
aminebiie 
auction, and 
from azo- 
onmp i mis 

thylamfne 

From a di 

nitio naph 
tbnleno 

From j8-di- 

j ti ph 

tlialene 

By reducing 

naptliy a i- f ' 3 ' 

From m-itj, 
naphthalene, 

Perm of crystals, 

Leaves 

Needles. 

. Needles, 

Plates. 

NeedleB 

Melting point, 

120' O 

180* S 0 

OB' 6 0 

96° 0 

180* 0. 

Hydiochloude, 

Sulphate, 

Plates 

Needles (?) 

Needles 


Plates 

Plates 

Plates 

Needles 

Eeaotton oi the liy- 
(lioohloilde witli 
iBnio chloride, 

Green colora- 

Bluo colora- 

Cliestunt- 

Green, then 

Blue colora- 

tion 

tion, then 
blueprecipi- 
tato 

lnown pre- 
oipitate 

colomtion , 
blown pre- 
cipitate 

preclpitate 

Action of nitrous 

Sol tctiaro- 
compound 

Sol tetrazo- 
com pound 

Vermilion 

piecipitate 

r 

Sol tetrazo- 
compound 

Action of the azo dye- 
stuffs on nmnoi- 
danted ootton, 

Do not dye 

Dye the fllno 



Dye the fibre 


1 For further inhumation respecting th ’ J ’ *' 1’ 1 ' 1, — ’ adds 
and the naphthalene derivatives geneially, r on g 

and Wynne ( Jour and Proc Chem So • ■ cle by 

Wynne in Thoipe's IhUionary of Apphed Gheimsfa y, n 640 et eeq 
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AM1JJO-NAPHTHOLS 


Amidonaphthols. g 10 h 0 (oh)(NH 2 ). 

These bodies are unstable bases obtained by the action of 
reducing agents on the mtro- or nitroso-uaphthols, or on certain 
azo~dyes. The following table shows the leading differences of 
the principal members of the group . — 



Amiuonaphthol-sulphonio Acids These bodies lesult from 
the reduction of azo-denvatives of the respective diazobenzene com- 
pounds of naphthol-sulphome acids. Thus, for instance, by treat- 
ing the four known modifications of jS-naphthol-monosulphomc acid 
with stannous chloride, 0 N. Witt obtained the following amido- 
sulphoiuc acids ( Bcrichte , xxi. 3468, 3489): — 
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1. Amido-/3-naplithol-/3-sulphomc acid, from Schaffei’s acid 
(Part I .page 194) 

2 Armdo-/3-naphthol-a-aulphomc acid, from Bayer’s acid (Pait 
I page 194) 

3. Anndo-/3-naphthol-<S-suIphonic acid, from Caaella’s acid (Part 

I page 208) 

4. Amido-/3-naphthol-y-sulphonic acid, from Dahl’s acid , 

The first of these acids has lecently leceived a novel application 

as a photographic developer under the name of eihonogen (R 
M e 1 d o 1 a, Jour Soe Chem Ind , vm 958) It may be obtained by 
the reduction of the azo-dye known as “ Crocem orange,” " Brilliant 
orange” or “ Ponceau 4GB” (Parti page 184), obtained by the 
reaction of Schaffei’s /3-naphtliol-sulphomc acid (Part I page 194) 
on dinzobenzone chloride It may be obtained from its mtio&o- 
denvative by dissolving the ammonium or other salt of Schaffei’s 
acid in ice-cold water, together with an equivalent quantity of sodium 
nitute, and then giadually adding hydiochlonc acid to acid reaction, 
when the nitroso-acid is at once formed, and nnpaits an oiango 
colour to the solution The acid can be puufied by conversion 
into a banum or calcium salt ( Jour Ghem Soc , xxxix 44), or the 
solution may be at once reduced to the amido-acid by treatment with 
zm e-dust or stannous chlonde. 

Two other anndo-/3-naphthol-monosulphonic acids 
are obtainable by beating with caustic alkali, to 200°-280°, the two 
/3-napkthylamme-disulplionic aculs respectively obtained by treat- 
ing with the two isomeric /3-naphthol-disul phonic acids R and Y 
(described in Eng Patent, 1878, No. 1716) They diffei fiom the 
amidonaphthol-sulphomc acids, referred to above, m yielding diazo- 
compounds They can also he combined with various tetrazo-com- 
pounds, giving blackish violet or blue-black dye-stuffs The following 
table shows some of their reactions {Eng Patent , 1889, No 15176) 
B salt is the sodium salt of /3-naphthol-disul phonic acid — 




T 

Solution of neutral salts in 

Reaction -with ferric chlo- 
ride 

Reaotlon with^bleachlng- 

Diazo-compound 

Combination of the diazo- 
oomponnd with “Resit" 
in an alkaline Solution 

Violet fluorescence 

Dark blue coloration, turn- 
ing to dim colour. 

Right yellowish-brown 

ooloiation, which dis- 
appears rapidly on add- 
ing excess of the reagent 
Reddish orange 

Claret red. 

Blue 

Dirty claret-red coloration 

Darkreddish-browncolora 
tion, which disappear 
gradually on adding ex- 
cess of the reagent 

Canary yellow. 

Violet-blaok. 
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PYRIDINE AND ITS ALLIES 


PYRIDINE BASES. C„H 2n . 5 N. 

These bases, metameric with aniline and its homologues, are con- 
tained m coal-tar naphtha , m shale-oil , in peat-tai , , in tobacco- 
smoke, and, together with ammonia and me thy Limine and its 
homologues, in the product called “ Dippel’s oil,” obtained by the 
distillation of bones and other animal matteis Pyndmc itself 
has received several technological applications, and is of great 
interest theoietically m relation to the alkaloids 

Pyridine may be legarded as benzene, m which one of the CH 
groups has been replaced by N 1 Thus . — 


CH — OH, 

H< >GH 


< CH — OH, 

>N 

OH=CH / 

ryridlne 


Tho homologous bases are derived from pyridine by the sub- 
stitution of CH a , G 2 H 6 , &c , for one or more of the hydrogen atoms, 
and consequently admit of isomeric modification according to the 
position of the substituted atoms m the chain 

The following is a list of the bases of the pyndmo senes The 


1 The relationship between various organic bodios (hypothetical and other- 
wise), of which the names commence with tho root pyr is shown by the follow- 
ing formal® (compare page SO) Tho hydiooaibon pyrene has the constitution 
)t related closely to the bodies tabulated 

_ _ Pymtele 

^CHChH HN [cHCflf 

ne Pihydrzde. [Pyndme Dihydnde Pyrrolme Pyratohne 

„ jh CH 1. I - / on CH i — I — < on nn„ > I _ ■ 

L CH 3 Clio 

nr Bcxahydnde 
inijlone (llninf ' 

/ ch 2 on, 1 

t Oilo CUa / 


h {ShcI} ch 


Pyndme Dihydi ide 

Pyrrolme 



Pyndme Ilexahydi 1 de 

1 (Piperidine) 




Pyione 

1 °i CH OH I 00 





Piazino has merely a hypothetical lesistance, and tho diliydnda is known only 
tin ongh its diphenyl-derivative Pyione and pyrazine, also, aie only known 
hy their denvativos Pymxole, C 4 E[ 4 N a , has been recently obtained by acting 
on hydrazine liydiate with epichloihydim m presence of zinc chloride, — 
2N„H 4 + C 8 H 6 C10 = C 3 II 4 N 2 + HG1 + H a O + 2NH„. 

Pyrazole is a basic substance crystallising in needles, melting at 70’, and boil- 
mg at 188°, It is readily soluble in watoi, alcohol, and ether. 
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boiling-points and specific gravities are only approximate, as the 
isomeric modifications exhibit sensible differences in their physical 
.properties 



From the above table it is evident that the boiling-points rise 
as the number of carbon-atoms m the molecule increases For the 
first four membera of the senes the speoific gravity diminishes, 
with increase m the molecular weight, but with the higher mem- 
bers the reveise is recorded as being the case. The lower members 
are miscible with water m all proportions, hut collidine and it? 
higher homologues are insoluble, or nearly so, in water. 

If a drop or two of pyridine, 01 one of its homologues, be warmed 
m a test-tube with a similar quantity of methyl iodide, the product 
mixed with powdered caustic potash and moistened with water, 
and heat applied, a highly characteristic and peculiar odour is pro- 
duced, owing to the foimation of a pyndic dihydride. It resembles 
that of a mixture of mustard oil and isonitrile. The least trace of 
pyndme or its homologues can be detected m this way A some- 
what similar odour is obtained when a quinoline base is treated in 
the same manner, hut the aniline bases and piperidine do not give 
the reaction The foregoing test, duo to A. W Hofmann, is 
modified by de Comnck as follows — 1 c.c of the base is 
gradually mixed with 2 c c. of methyl iodide, the liquid being 
cooled during the mixing The crystalline product is dissolved m 
about 5 c c of alcohol, the liquid heated to boiling, and very con- 
centrated caustic potash solution dropped in A blood-red colour 
is produced, and the liquid finally becomes dark brown if a pyri- 
dine base be present (Jour Ghem Soa , 1 S97) Piperidine, spar- 
teine, cicutine, and the aniline bases give no similar reaction 

The bases of the pyndme senes are tertiary monammes, and 
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PYRIDINE BASES. 


form with alkyl iodides compounds 1 * 3 * * * * which are not decomposed by 
caustic potash, hut yield caustic hydi oxides by reaction with silver 
oxide (compaie page 18). 

The pyridine bases and their salts exert a soporific action on the 
higher animals When inhaled, pyridine acts as a respiratory 
sedative It has been successfully used as a heat stimulant and 
as a topical antiseptic m diphtheria Penzhold found pyridine 
to act as a general antiseptic, especially as regards myccha On 
the lower animals, pyudme and its homologues act as violent 
poisons, and have been successfully employed m 0 2 per cent, 
solution for destroying the scab-acarus m sheep, the vine-louse, 
and othei injurious insects The pyridine bases appear to be little, 
if at all, mfeuor to nicotine for these purposes, and have also been 
employed m disinfecting powders 

Isolation of Pyridine Bases. 

For the jorej/ai ation of the pyndme bases, hone-oil, or the frac- 
tion of coal-tar or shale-oil boding between 80° and 250°, should 
he agitated 'with sulphuric acid dduted with twice its measure of 
water, the treatment being lepeated'to ensure the complete solution 
of the bases The acid liquid is separated and distilled (or boded 
by a current of steam) till the vapours no longer redden a slip of 
fir-wood moistened with hydrochloric acid, showing that all the 
pyrrol has been driven off The liquid is then filtered through 
lincm to separate tarry matters, an excess of caustic soda added, 
and the whole diBtdled with steam as long as bases continue to 
pass over, as indicated by the production of fumes by contact of 
the vapours with hydrochloric acid The distdlate is allowed to 
cool, and is then treated gradually with a huge quantity of solid 
caustic potash or soda, till the pyndme bases separate as an oily 
layeT on the suiface of the alkaline ley * The upper stratum is 
separated, and, if it contains aniline, fuming mtnc acid is cautiously 
added and the mixture gradually heated to boiling, whereby the 
aniline is destroyed, while the pyndme bases remain intact 8 
Water is then added, the precipitate filtered off, and the filtrate 

1 Their methiodides (PyMel) stiongly excite the hraiu and paialyse the 

extremities 

3 The potash call he greatly economised, with a loss of some of the higher 

homologues, by rendeung the distillate acid with hydroehlouo acid, and con- 

centrating it to a small bulk by evapoiation at a gentlB heat before adding 

caustio potash 

3 Grevillc Williams destroys aniline and its homologues by heating 
With potassium nitrite and hydiochlonc acid. Hausermann converts the 

aniline into sulphate, which salt is much loss soluble than the sulphates of 
the other bases. 
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again treated with solid caustic potash. The layer of bases is 
removed, and further treated with stick potash 01 soda for seveial 
days, or until no more alkali dissolves It is only by prolonged 
contact with solid caustic alkali that the bases can be freed from 
water, and it is absolutely necessary to obtain them m a peifectly 
anhydrous state befoie attempting to separate them by fractional 
distillation This is a very tedious operation, but is greatly facili- 
tated by operating m a vacuum, and by the employment of a 
Hempel’s tube or Henmnger’s or Glynsky’s bulbs (Vol. I. page 
14; Vol II 501) Goldschmidt and Constam (Jour Soc. 
Chem, Ind , m. 159) found that the mixture of bases extracted 
by vitriol from coal-tar boiled between 92° and 200°, and after 
repeated fractionation a little passed over below 100°, and about one- 
half between 114-° and 117° (pyndine), while above this tempera- 
ture no constant boiling-point was observed. Vory little distilled 
above 160°. The most volatile fraction boiled constantly at 92°- 
93°, and was found to be a definite hydrate of pyridine, 
from which treatment with solid caustic potash caused a separation 
of absolute pyridine, boiling at 114°-ll6°. 

C. Hausermann has pointed out that the amount of sul- 
phuric acid employed m English tar-works for treating 50 and 90 
per cent benzols is insufficient to remove the bases. He found up 
to 0 10 per cent, of pyridine m commercial 50 per cent benzol, 
and 0’25 per cent m the toluol made from this. Hence the nearly 
pure benzene, toluene, xylene, &c , now largely manufactured, eon 
be employed With advantage for the preparation of the pyridine 
bases, as the tedious fractionation has already beon accomplished. 
Thus the base extracted by diluted sulphuric acid from toluene 
will be noarly pure pyndine ; from xylene, chiefly picoline , and 
from burning and solvent naphtha, the higher homologues 
English-made toluene yields about 0’5 per cent of pyndme, and a 
similar amount of picolme can be extracted from commercial xylene 
Pyndme is more commonly made from crude heavy naphtha, and 
picolme from the lighter creosote oils 

Pyridine. 

W.»ce{ 

This body is tlie lowest and most important member of the 
pyndme series of bases It lias been used as an antiseptic and 
germicide, and is employed m G pi many for “ denaturating " alcohol. 
Pyndme is the starting-point m the preparation of several valuable 
antipyretics, and many of the natural alkaloids are derivatives 



100 


PROPERTIES OF PYRIDINE 


The method of preparing pyridine from tars has already been 
sufficiently indicated It may he obtained by several interesting 
synthetical reactions, as by passing a mixture of acetylene and hy- 
drocyanic acid through a red-hot tube — 2C 2 H 2 + CHN = C 6 H 6 N 
Pure pyridine is conveniently obtamed m small quantity by dis- 
tilling nicotinic acid with lime — C 6 H 4 hT COOH+ CaO = CjHgN + 
CaCO g . 

Commercial pyridine may he purified 1 by dissolving 200 c c in 
400 e c (oi a sufficiency) of strong hydrochloric acid, filtenng the 
liquid if necessary, and then adding 1000 ce of a 30 per cent, 
aqueous solution of potassium ferrocyanide The precipitate is 
filtered off and washed with cold water, in which the hydroferro- 
cyanides of ammonia and the picohnes are easily soluble, while the 
corresponding salt of pyridine dissolves but sparingly The washed 
precipitate is treated with a cold, highly concentrated solution of 
caustic soda, when the pyridine separates as an oily layer , and, 
thus obtained, it contains a considerable but variable proportion of 
water, but if desired may he rendered anhydrous by treatment with 
sticks of caustic potash or soda, which should he lenewed until 
they cease to liquefy on standing 

Pure pyridine is a colourless liquid, having a most powerful and 
persistent odour, and producing a bitter taste m the mouth and at 
the hack of the throat The vapour causes severe headache Pyri- 
dine has a specific gravity of 9858 at 0° C., 2 and boils at 1 16°*7 
according to Anderson, or 115° according to Themus The pre- 
sence of water, which it is difficult to separate completely, and 
which pyridine absorbs with avidity from the an, greatly leduces 
the boiling-point Pyridine seems to form a definite hydrate, 
C 6 H 6 lSr, 3H 2 0, of specific gravity 1 0219, boiling constantly at 
92°-93°C 

Pyudme dissolves in water m all proportions, but is precipitated 
from its solutions by excess of strong potash or soda. It is also 
miscible with alcohol, ether, chloroform, benzene, and the fatty oils. 

The effects of pyndme on animals are described on page 98. 

Pyndme is a powerful base, neutralising acids completely and 
fuming like ammonia m presence of hydrochloric acid and other 
volatile acids It blackens calomel, and precipitates many metallic 
solutions. Pyndme has no affect on a solution of calcium chloride, 

1 Pyndme might probably be advantageously punfied from pyrrol and strong- 
smellmg impurities by dissolving it m petioleum spuit and passing hydio- 
chloric acid gas, the preoipitated hydrochloride of pyridine being lemoved, 
pressed, and dried at a gentle heat , 

s According to A Ladenbeig (Bar , xxi 289), the specific gravity of 
pyndme prepared from the merouro-chlonde is 1 0038 at 0° C. 
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but on passing carbon dioxide through the liquid calcium carbonate 
is precipitated (No precipitate is pioduced if aniline be substituted 
for pyridine m tins reaction ) Absolute pyridine has no action on 
litmus, but in presence of water it turns it strongly blue, though 
the reaction is not capable of being employed for titiating the base, 
for which purpose’ methyl-orange is suitable. On phenolphthalein 
pyridine has no action. 

Pyridine is an extremely stable body. It is unaffected by treat- 
ment with chromic or fuming nitric acid, and these reagents may 
be employed to free it from aniline and empyreumatic impurities 

When chlorine is passed into a chloroforms solution of pyri- 
dine, an additive-compound, CjHjNjCI^ separates in wlute flakes. 
Bromine forms a similar unstable compound. A substitution- 
product, dibrompyridine, C 6 H 8 Br 2 N, is formed by heating 
to 200° a mixture of pyridine hydrochloride and bromine, or the 
orange-coloured precipitate formed on adding bromine to a solution 
of pyridine hydrochloride It is precipitated by adding water to 
its solution m strong hydrochloric acid, m needles melting at 109° 
but commencing to sublime at 100°. It is soluble in ether and 
unacted on by alkalies, acids, or oxidising agents. 

By reduction with tin and hydrochloric acid, pyridine is converted 
into piperidine, C 6 H U N, identical with the substance obtained 
by hydrolysis ofpiperme, the alkaloid of pepper 

Dipyi utine, C 10 H 10 N 2 , is obtained with other products by heating 
pyridine with sodium. Dipyndine is a base, which melts at 108°, 
sublimes at a higher temperature in long needles, and forme a 
hydrochloride, C 1(> H 10 N 2 ,2HC1, the solution of which yields 
with potassium ferrocyanide a blue precipitate which dissolves in 
hot water to form a purple solution 1 

Para-dyoyrtdyl, C 6 H 4 N NCjHj, formed simultaneously with di- 
pyridme, is a base, crystallising m long needles melting at 114° 
and boihug at 306° {Jour CJiem Soe., xliv 483) Both these 
bodies yield iso-nicotinic acid on oxidation, while the iso- 
meric mefa-dipyndyl yields nicotinic acid. 

Salts of Pteidinis. 

Pyridme forms well-defined salts, most of which are crystalha- 
able and deliquescent They are odourless when pure, and can be 
dried without change at 100°, but become slightly coloured on 
exposure to air and light. 

1 Iso (hjnyrkhn-e, 0 10 H 1( ,O 3 , as obtained by fractionating the mother-liquors 
fiom the piepaiation of dipyndine, is a yellow oil wluoh does not solidify in 
a mixtuie of snow and salt, even on addition of crystals of pyndiue. It has a 
specific gravity of 1 08, and is a strong base, sparingly soluble m water, but 
miscible m all proportions with alcohol and ether. 
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SALTS OF PYRIDINE 


Pyridine Nitrate, C 6 H r ,N,IINO a> forms slender, colourless needles, 
or short thick prisms, very easily soluble in water, but less so in 
alcohol, and insoluble m ether 

Pyridine Sulphate, (G 6 H 6 1SI) 2 ,H 2 S0 4 , is crystalline, and extremely 
soluble m water and alcohol 1 

Pyndine Hydrochloride, C 6 H 5 N,HC1 When pyridine is neutral- 
ised with hydrochloric acid, and tho solution evaporated at 100°, 
.a syrupy liquid is obtained, which, on cooling, becomes gradually 
converted into a mass of radiating crystals The salt deliquesoBS m 
moist air, and sublimes unchanged at a high temperature. It is 
volatile to a very notable extent at 100°, and hence cannot be 
dried at that temperature without loss. It is leadily soluble m 
water and alcohol, but insoluble in ether. 

With platmic chloride, a solution .of pyridine hydrochloride 
yields a yellow crystalline precipitate of tho chloroplatinate, 
{ C 5 H 6 N,HCl) 2 PtCl 4 , easily soluble m boiling water, less so m 
alcohol, and nisoluble m ether. When pyridine chloroplatinate, 
free from excess of platnnc chloride, is boiled with water for many 
hours, it is converted into the hydrochloride of platmo- 
pyridme, C lft H 6 Pthi 2 ,4ELGl, with libration of 2HC1, The new 
substance is a sulphur-yellow, insoluble body, which evolves pyridine 
when boiled with caustic alkali. 

Pyndine Pm ate, C 6 H s N',HC 2 H 2 (N0 2 ) 3 0, is deposited m beauti- 
ful yellow needles when picric acid m aqueous solution is added 
to a solution of an equivalent weight of pyndine. The salt has a 
remarkable tendoncy to cairy picnc acid down with it, so that if 
twice the equivalent proportion of picric acid be employed, the pro- 
duct has the percentage composition of an acid salt, Py,2Pc ; but 
its real nature is indicated b^ its behaviour with ether, which dis- 
solves out the free picric acid, leaving the normal picrate Pyridine 
picrate may also be prepared by mixing strong solutions of sodium 
picrate and pyndine hydrochloride The salt melts at 162° C., 
and is soluble in 91 parts of cold water, but in less than 6 parts 
of boiling water It is readily soluble m hot alcohol, but requires 
about 100 parts of the cold solvent, and is deposited on cooling m 
long, slender, interlaced needles of a beautiful yellow colour It is 
only very slightly soluble in ether, chloroform, or benzene, and 
practically insoluble m petroleum spmt, but it dissolves with great 
facility m pyndine and cresyhc acid, It is readily soluble on 
warming m ether, benzene, or petroleum spirit containing 10 per 

1 In Watte' Didionwy, vol. i page 766, them is only described an acid sul- 
phate, which is sold to ho obtained by evapoiating sulphuric acid with excess 
of pyxidms. 



PYRIDINE COMPOUNDS. 


103 


cent, of cresylie acid, and is freely soluble m aqueous solution of 
pyridine and sodium cresylate (A. H Allen) 

Pyridine piorate has an intensely bitter taste and nauseous pyridic 
after-taste. A moderate dose, for example 0 2 gramme, produces 
violent vomiting It is a valuable insecticide. 

Pyridine is remaikable for its 'tendency to form compounds with 
metallic salts These bodies are more or less liable to decomposi- 
tion by "washing or boiling "with water, and lose pyridine when 
heated to 100°, or a somewhat higher temperature The sine 
chloride compound, ZnCl 2 ,2C 6 H 5 N", separates as a voluminous 
-white precipitate on treating on aqueous solution of zinc chlo- 
ride with excess of pyndine It crystallises from water m long, 
white silky needles, which, when repeatedly washed, or boiled with 
water, decompose into pyndine and a basic zinc chloride The 
zinc chloride compound dissolves m hydrochlonc acid to form a 
double chloride of zinc and pyndine, ZnCl 2( (C 6 ’H 6 N,HCl) 2 , which 
foims gioups of white lustious needles Cadmium chloride 
behaves with pyndine m a manner similar to zme chlonde, the 
compound formed, CdCl 2 ,2C 6 H 6 N, crystallising in needles and 
being partially decomposed by a laige quantity of water The 
cupric chloride compound is precipitated m fine greenish 
silky needles on adding pyndine to an alcoholic solution of cupric 
chlonde It is soluble in pyridine, m aqueous solutions of pyndine, 
and in ammonia. With mercuric chloride, a very dilute 
aqueous solution of pyndine (1-1000) yields a precipitate which 
dissolves extiemely easily in. warm water, and separates out, as the 
solution coble, in long white needles. With mercuric iodide, 
pyndine forms a compound which crystallises from alcohol m 
beautiful white needleB. 

Prom acid solutions of pyndine, phospliotungstic acid throws 
down a very difficultly soluble precipitate 

Detection and Determination ov Pyridine 

The recognition and determination of pyndme aie to a 
great extent based on the properties and reactions already de- 
scribed In the free state, the smell and basic character of 
pyndine amply suffice for its recognition m the absence of other 
basic substances of powerful odour, and it is readily liberated 
from its salts by addition of caustic soda, and obtained free 
from every mteifermg substance by distilling its aqueous solu- 
tion It may also be extracted from its aqueous solution by 
agitation with ether, provided that the liquid be saturated with 
caustic soda. 

In the absence of ammonia, or othei bases, free pyndme may be 
determined by titration with standard acid and methyl-orange (not 
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litmus) 1 c.c. of normal acid neutralises 0’079 gramme of pyri- 
dine. 

From aniline, pyridine is distinguished by not giving any coloured 
product on adding a solution of bleaching powder, though the liquid 
acquires a new and peculiar odour. 

The presence of ammonia in pyridine can be recognised (m the 
absence of fixed alkalies) by the red coloration produced in the 
aqueous solution by phenol-phthalem, on which pure pyndme has no 
action If the indicator be used in consicleiable quantity, and a 
low temperature employed (as recommended by J. H Long, 
Analyst, xv. 53), the ammonia can be approximately determined 
by titrating the aqueous solution with standard acid, 

K E. Schulze recommends ferric chloride as an indicator (see 
page 106) * According to W Lang, the traces of pyridine some- 
times contained m commercial alcohol may be detected and removed 
by shaking the spirit with powdered zinc chloride , or, according 
to W. Eirschmann, by the addition of an acid solution of 
aluminium sulphate. In the former case, the pyndme is removed 
in the form of its zinc chloride compound, and m the latter case 
pyndme alum is formed. 

The traces of pyridine sometimes present in fusel oil may be 
detected by adding picric acid, which occasions a formation of 
pyndme picrate. 

For the detection of traces of pyndme m commercial ammonia, 
H. 0 s t recommends that the sample should be nearly neutralised, 
when the odour of pyndme may be recognised. By distilling the 
nearly neutralised liquid, collecting the distillate m hydrochloric 
acid, evaporating, and extiacting the residue with absolute alcohol, 
a solution is obtamed containing hut little ammonium chloride. 
What is present is removed by boiling off the alcohol and addmg 
platmic chloride solution, when, on evaporating the filtrate and 
adding alcohol, the pyridine chloroplatinate crystallises 
in smooth, ramifying, orangs-red prisms, readily soluble in boiling, 
hut very sparingly m cold, water. 

Commercial Pyridine, as now produced, consists chiefly of 
pyridine and picolme Ammonia is apt to be present 
in notable quantity, as also pyrrol and other strong smelling 
impurities 1 A considerable hut variable proportion of w a t e r 
is present. 

Pyndme is employed m Germany, m conjunction with wood 

1 The pyndme produced at certain woiks becomes turbid when diluted with 
more than 40 per cent of water, whereas the best makes ore miscible with 
watei in all proportions. On distilling the former brands the disturbing im- 
purity is left in the “tailings ’’ 
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spirit and turpentine, for “ denaturating" spirit. An article intended 
to be used for this purpose is required to answer to the following 
official tests. 

1. The colour must not be deeper than straw-yellow. 2, If 
1 c c of the sample be dissolved m 250 c c of distilled water, and 
20 c.c. of the resultant solution be treated with a 5 per cent aqueous 
solution of cadmium chloride, a distinct turbidity should appear m 
a few moments. 1 3 When 100 c.c. of the sample is distilled (in 
a small metal flask provided at the top with a small globe, which 
is connected with a Liebig’s condenser, a thermometer being fitted 
to the globe, and a moderate heat applied) so that the distillate 
passes over m separate drops, 90 per cent, should have distilled 
when the thermometer stands at 140° C. 4. When the sample is 
mixed with tynce its measure of water it must wholly dissolve, and 
no oily drops must separate even after long standing. 5 Four drops 
of the sample heated on platinum foil over a Bunsen burner should 
burn with a sooty flame, and leave no residue. 6. When 20 e.c. 
of the sample ib shaken with an equal measure of a solution of caustic 
soda of 1 4 specific gravity, a layer of anhydrous bases, measuring 
at least 18 ec ( = 90 per cent ), should separate out on standing. 

The last test is now usually replaced by one prescribing the use of 
solid caustic potash. 50 c.c measure of the sample is placed in a 
graduated cylinder, furnished with a stopper, and a long stick of 
potash immersed m it. The alkali gradually absoibs the water 
from the pyridine, and forms a lower layer of saturated solution. 
A second stick is added as soon as the first has sunk much below 
the smface of the pyridine, and is followed by a third if the second 
liquefies completely or considerably Agitation should be avoided, 
and care must be taken that the last stick is left m contact with 
the upper layer of bases until the action is at an end. It is then 
cautiously removed with a bent wire, or broken down by a glass 
rod, and the volume of the layer of anhydrous bases carefully 
observed. By this test, commercial pyndme usually shows fiom 8 
to 10 per cent of water ( = 92 to 90 per cent, of anhydrous bases). 

Instead of determining the water, K E Schulze recommends 
titration of the bases with standard acid. For this purpose 5 ec, 
of the sample should be dissolved m water, and the solution diluted 
to 100 c,c. To 20 cc of this solution (=1 cc of the sample) is 
added 1 c c of a 5 per cent, aqueous solution of ferric chloride, 

1 W eppar and Litders {Jour Soc. Ohern Ind., vu 762) have pointed 
out the unreliable oharaoter of this test, which they attribute tp the vaiying 
composition of cadmium ohlonde. Of two samples of the salt, only one gave 
the motion with pyndme They recommend the employment of a stronger 
solution of the pyridine than that piesonbed in the test. 
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Normal sulphuric acid is then run in slowly with agitation, till the 
precipitated feme hydroxide is redissolved 1 c c. of normal acid 
(containing 49 grammes of H 2 S0 4 per litre) corresponds to 079 
gramme of pure anhydrous pyridine, or to 095 gramme of picoline. 

Pyridine intended for pharmaceutical or medicinal use should 
not he altaied by light; a 10 pei cent, solution ui water should 
not be reddened by phenol-phthalem (presence of ammonia) ; and 
5 c c., to which 2 drops of decmormal permanganate haye been 
added, should retain a led colour for at least an hour. 


Piperidine. C 8 H U N = C 6 H b (H 6 )NH. 

This body has the constitution of a pyridine hex 6- 
hy dT i d e. 1 * It is obtained by the reduction of pyridine by nascent 
hydrogen The following formulae show the relation of pyridine to 
piperidine and piperazine . 3 * * * * — 



Pyri&me 


"MS©” 

JPtpsnMno 



Piperidine is also obtained by rapidly heating pentamethylene- 
diamine (amylene-diamine) hydrochloride • — 


C s H 10 (NH 2 ) 2 ,HO1 = C 6 H n N + NH 4 C1 . 

Piperidine is also produced by the hydrolysis of pipeline, 
C 18 H 18 NO s , the alkaloid of pepper, which, on boiling with alkalies, 
splits mto piperidine and piperic acid 8 — 


Ci 7 h 1 b no 8 +h 2 o= c b h u n + o 12 h 10 o 4 . 

Piperidine is a colourless limpid liquid, of peculiar odour, re- 
sembling at the same time that of pepper and ammonia, and has 


1 Pyndine di and tetra-hydndes and than homologues are capable of existing 
"theoretically The latter class, called pipendeins, have been prepared by 

the action of caustic soda and hiomme on the piperidines ( Ber . , xx. 1646) 

s Piperazine or Pipkrazidine is piobahly identical with d i e t h y 1 e n e - 

diamine. It is a strong base, melting at 104°-107°, boding at 135°-138°, 

and absorbwg carbon dioxide from the air. Piperazine has neither caustic nor 

toxic propei tieB, and passes through the system unchanged, but dissolves uno 

acid m large amount, forming the neutral mate, C 4 H 10 N 0 , C 6 H 4 N 4 0 8 
-Piperazine phosphate forms four-sided tabular crystals, which character, and 
those of the bismntho-iodide, distinguish pipeiazine from speimine, 
0,H a N a , which othorwise it closely resembles. 

8 A small quantity of piperidine is said to be obtained on distilling pepper 
with water alone, probably owing to partial decomposition of the pipeline by 
water or a ferment (W. Johnstone, Analyst , xix. 46) 
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a very caustic taste. It boils and distils unchanged at 106°, and 
dissolves m all proportions m water and alcohol. When piperidine 
is treated with water heat is evolved. 

Pipendme is a powerful base Its aqueoiiB solution restores the 
blue colour of reddened litams-'papor, and behaves like ammonia 
with metallic solutions, except that the precipitates produced with 
salts of zmc and copper are not soluble m excess Piperidine 
absorbs carbon dioxide from the air, and if the gas he passed into 
a solution of calcium chloride, to which pipendme has beeu added, 
calcium carbonate is precipitated. Pipendme may be estimated by 
Nitration with standard acid, using either litmus or methyl-orange 
.as an indicator 

Piperidine forms a series of readily crystalhsahle salts, most of 
•which aie soluble The chloroplahnate, (C 5 H u N) 2 H 2 PtCl 8 , forms 
orange needles, Very soluble in water, but less so in alcohol 

Pipendme is a secondary amule Whendiopped mto cooled methyl 
iodide it forms the compound C 6 H 10 (CH 8 )N,HI When distilled 
with alkali this yields the free haso methylpipendme, which, 
when heated under pressure with methyl iodide, gives the iodide 
ofdimethyl-pipeiylene-animonium, CgH^CHg^NI. 

The homolog u es of pipendme are called by Laden burg 
pipecolmes, C 6 H 10 (CH 8 )N, lupetidmes, C 6 H 8 (CH 8 ) 2 N, copellidmes, 
C b H s (CH s ) s N, &c. 

Pipendme is closely related to a number of the natural alkaloids 
besides pipeline, as will he seen from the following formula . — 

Coninh. Dextro-a-normal- | / CH 2 CH(C 3 H 7 ) ) m 

propyl-pipendme. J ^ i CK, CH 2 j 

Conhydrine Probably liy- I ^tt f CH 2 CH(OH) \ „ v 

droxy-conme j 

Tropins. Metbyl-a-hy- ) r ^tt tt nm ^ 

droxy ethyl- tetrahydro- l CH 2 1 qh CH * ^ f N ( CH «> 

pyndme, J *• ' 

Nicotine Hexahydro-dipyndyl. C 6 H 4 (H a )N N(H 8 )C B H 4 

Homologues of Pyridine. 

The homologues of pyndme occur with that base in the products 
of the distillation of bones, coal, &c. Various members of the 
class have been obtained synthetically 

Picounes Methtl-pyridines. G 6 H t N ; or C B H 4 (CH„)F. 

Tliree isomeric modifications of picoline exist, differing aocordmg 
to the orientation of the CH 8 group m relation to the N. The pico- 
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line of coal-tar is clueily the oitho-modification (1 2), often called 
n-pi coline, mixed with some meta- or /3-picoline (1 .3) 1 * * 
Although the former boils at 134° (Weidel; 129°-130°, Lange), and 
the latter at 140°, they cannot be separated by fractional distil- 
lation, but may be isolated by taking advantage of the different 
solubilities of their chloroplatmates (Ber , xu 2008) Lange 
{Ben , xvni 3436) thinks that a-picoline is preferably separated 
from bone-oil by means of its sparingly soluble tnereuro-chlonde, 
Its specific gravity at 0°, compared with water at 4°, is stated to 
he 0 0656 The platmochloride molts at 178°, the meronro- 
t blonde at 167°, aud the picrate at 165°. The two last salts are 
moderately soluble m water. y-picolme(1.4)is produced by 
the distillation of acrolein-ammonia, or by heating allyl tribromide 
with ammonia, and by the reaction of pyndmo on methyl iodide 
Its piesence has been recognised jn coal-tar, y-picolme is stated 
by A. L a d e a b u r g {Bm ., xxi. 285) to boil at 1 42° 5-1 44° 5, the 
specific giavity being 0 9742 at 0° C. The platmochloride melts 
with decomposition at 231°, the aurochloride at 205° , the mer- 
■curo-chlonde at 128°-129 ° , and the picrate at 167° These char- 
acters are not strictly m accordance with the observations of Lange 
{Bm , xvni. 3436) 

The picohnes aie metamenc with aniline, C<,H 6 NU a> which, 
however, is a primary amine, whereas the picohnes have the char- 
acters of tertiary bases In their odonr, solubility, basic properties, 
and characters of their salts, the picohnes closely resemble their 
lower homologue pyridine, but have a lower density and higher 
boihng-pomt than the latter body. 

Lutidikes G v H 9 hr. 

The bases of this formula may have the constitution of ethyl- 
pyridmes, C 6 H 4 (C 2 H 6 )lSr, or of dimethyl-pyridines, 
C 6 H 8 (CH a ) 2 N. 

1 4ory-ethyl-pyridme constitutes the greater part of 
coal-tar lutidme. It is a colourless liquid of 9443 speciflo giavity 
at 0°, boiling at 164°, and miscible with cold water m all propor- 
tions, By oxidation it yields lso-nicotmioaoid. ' 

1 A. Ladenburg [Tier , vxin 2688) affirms the existence of two 0-pioo- 
lines , the variety from glycerol boiling at (uncoireeted), and that 

from strychnine at 146°~149° (uncorieoted) C. Stoehr {Bar , xxm 3151 ) 

disputes Ladenbmg’s oonolusion9, and states that the pioduot obtained by the 
distillation of brucine or strychnine is not homogeneous After purification it 

yields /3-methyl-pyndme boiling at 142°-14S 4 , identical with the synthetical 
product obtained by heating glyceiol with acetamide and phosphoric anhydride, 
which also contains pyridine and 6 ethyl-pyridine. The mercuro-ohloride melts 
at 145°-148°, and the chloroplatinate at 20r-202° (See Bar,, xsiv 16 16 ) 
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A /3-ethyl-pyndme is formed, together with its lower homo- 
logues, hy heating glycerol with acetamide and phosphoric anhy- 
dride (G. Stoehr, Jour. Frac. Ghem, [3], xlm. 163) It boils 
at 140°-145°, has a specific gravity at °/ 4 of '9761, is almost 
insoluble m water, and yields nicotinic acid on oxidation. 

Three isomeric dimethyl - pyridmes have been found by 
Rosenberg in vitriol-tar Of these, the 1.2:6 (a-a) isomeride is 
a colourless oil boiling at 142°~143°, and having a penetrating 
odour resembling that of oil of peppermint It is freely soluble m 
cold, hut less so in hot water. The 1 : 2 • 4 (a-y) isomer boils 
at 167° The 1 2:3 (ct-/3) modification has not been isolated, 
but its presence is inferred from its product of oxidation; iso- 
cm ohom er omc acid. 

Hanzsch ( Annalen , ccxv. 1) has described a lutidine 
(C 6 H 3 (CH 3 ) 2 N) boiling at 154°, obtained by distilling a mixture of 
lutichne-tncarboxylate with lime, A lutidine, apparently having 
the constitution /8/3-dimethyl-pyudme, has been piepared by 
Durkopf and Gottsch (Ber , xxm 1113) by eliminating C0 2 
from a dimethyl-pyridme-carboxylic acid obtained by the oxidation 
of a parvoline boiling at 216°-217° It boils at 169°-170°, 
ha? a feeble, not unpleasant odoui, and dissolves sparingly in cold, 
but readily m boiling water The specific gravity at °/ 4 is 0 9614 
The mercuro-chlonde crystallises m long sparingly soluble needles, 
melting at 1 70° On oxidation it yields a pyndine-diearboxylic acid 
melting at SI 4°-315°, from which fact, and its external character, 
the authors infer it to be dmicotinic acid. ' 

Collidines C 8 H u N 

A Hanzsch (Annalm, ccxv 1; Jow Ohm,. Soc, xhv 82) 
gives the following description of the two known modifications of 
collidine . — 



a. Collidine 

Methyl-etliyl-pyildine 

CjHsIOHjWLON 

/3-Cullldine 

fl.talniethyl-pyridlne 

C s H 2 (Ctfa) 3 N 

Boiling-point, 

Specific gravity at 16°, 

Solubility In watei, 

Behaviour on exposure to 

CgHijB’jHAuCld , . 

Addition of CrOa gives 

Mn, Co, and Ye’ salts, , 
AgNOfl 

178* 

853 

Very slight 

Unchanged 

Does not meltnndei -water 

No precipitate. 

No precipitate 

171“ 

More leadily soluble in cold 

Becomes brow n 

Melts under .hot water , the 
dry salt melts at 112* 

Ked crystalline precipitate 
oUC % K u K)' i EfvM 7 

Hydroxides gradually pre- 

White crystalline precipi- 
tate soluble in hot water* 
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0. d e Co tu ii ok has described a /3-collidmc boilmg at 19S°- 
196° ( Oompt . Bend, xci 296 , xcv. 298), haying a specific gravity 
of 9660 at 0° , and another modification, stated to he a trimethyl- 
pyridine, has been isolated by J. Mohlei (Be? , xxi 1006 , Jour 
Ohm. Son , liv 727) by subjecting the bases from coal-tai to frac- 
tional precipitation with potassium ferrocyamde It is a colourless 
liquid, unchanged by exposure to air, soluble slowly but to a 
considerable extent m cold water, and separating again almost 
completely on warming The hydi ochloride forms slender non- 
deliquescent needles, which sublime, without melting, with partial 
decomposition. The sulphate forms transparent prisms melting' at 
203°, and the picrate long, silky needles melting at 156°-156°, 

Pyridine-Carboxylic Acids, 

Pyridine itself ib an extremely stable body, lesistmg the strongest 
oxidising agents , hut its homologues yield by oxidation a senes of 
acids in which the alkyl-groups are replaced by a corresponding 
number of carboxyl-groups The pyridine-carboxylic acids derive 
their chief interest fiom the light they throw on the relationship 
of the natural vegetable alkaloids to the pyridine bases Three iso- 
merio pyridine-monocarboxyltc acids, C 6 H 4 N.COOH, 
are obtainable, exactly corresponding to the three isomeric modifica- 
tions of picohne (methyl-pyridine) 1 The same acids may also be 
obtained by the action of heat on the di- or tri-carboxyhc acids, 
just as benzoic acid, C a H 6 COOH, is obtained by the action of heat 
(and lime) on phthalie acid, C 6 H 4 (COOH) 4 . One of them (nico- 
tinic acid) is also obtained by the action of boat on nicotine, 

PraiDiNE-iroNOOARBoxYLio Aoids, C B H 4 N COOH, 4 unite m 
themselves the basic characters of pyndme with those of an acid. 
Thus they combme with hydrochloric acid, and the resulting com- 

1 The pyridine tnonocaiboxyhc acids have the empiucal formula 0 e H 5 N0s, 
and the same poicentage composition asnitrobenzane 

a The bases from coal-tar boiling between 180° and 140° arc boiled m an 
apparatus furnished with a reflux condensai with ten times then weight of potas- 
sium permanganate in 2J per cent, aqueous solution, until the permanganate la 
reduced The oxide of manganese is then filtered off, and the clear liquid con- 
centrated to a small bulk It is then neutiahsed and treated with acetate of 
copper. The precipitate is sepaiated, decomposed by sulphuretted hydrogen, 
and the filtrate deooloused hy animal charcoal. On further concentration and 
cooling it deposits colouiloss needles of pioolime aoid The filtrate from 
the coppei precipitate is further evapoiated, aoidulated with acetic acid, and 
treated at its boiling-point with acetate of copper The resulting bluish-green 
precipitate is separated, boiled rapidly with watei, and decomposed hy sul- 
phuretted hydrogen On evaporation, the filtiate deposits coloiuless crusts of 
lsonicotimo add. 
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pound forms doubla salts with mercuric chloride, platmic chloride, 
&c. , while, on the other hand, they form a series of well-defined 
crystallisable salts The following table exhibits their more im- 
portant characters : — 



0) tho Compound 

Picohnw Acid 

Meta Compound 
or p Acid 
Jhcottmo Acid 

Pma-Compound 

leomcotmw Acid 

Mode ot formation, 

Oxidation of «- 
picolino by per- 

Oxidation of p 
ptoollue by per- 
manganate, or 
nicotine by per- 
manganate 
chromic aotd or 
uitrio acid 

Action of hent on 
pyridine di- or 
trl - carboxylic 
acid Oxidation 
of y pioollne 

Crystalline character, 

Prismatic needles 

NeedleB 

Needles. 

Melting point, 

185* , sublimes In 
lustrous needles 

229"-281* 

806* (208”) (809*1, 
sublimes In tab- 
ular crystals 

Solubility, , , 

Easily soluble la 
ooldoi hotwnter 
and in alcohol 
Nearly Insoluble 
in ether, cHloro- 
lorm, bensene, 

Sparingly soluble 
in cold, easily 

sparingly In 

ether or chloro 

Sparingly soluble 
In water, very 
sparingly In 

ether end ben 

Enaction with neutral 
lend acetate, 

No change 

No change. 

... 

Reaction -with am 
monlaool lend acetate, 

No change 

White crystalline 
preolpltate. 

... 

Reaction with cupric 

Slowly deposits 

Pale bine green 

flreen precipitate 

acetate, 

shining laminae 
and needles ot 
violet-blue col- 
our, aud .metal- 
lio lustre Bol- 
uble in hot 
water 

preolpitata^ in- 
hvrge^ quantity 

on wanning 

Reaction with ferrous 
sulphate, 

Pale reddish yel- 
low ooloration 

No change 

No change 

Characters of hydro 
chloride— 
C 8 H 5 N0 a ,ir01, 

Uarge, lustrous, 
ortho-rhbmbio 
prisms, which 
become rapidly 
turbid on ex- 
posuro to air. 

Mon aclinic prisms, 
quite permanent 
in the air 

Eargeelunlngcrys 


On heating with lime, the above acids yield pyridine, just as 
benzoic acid yields benzene under similar conditions The sodium 
salts of the o and ft acids, when treated in solution with sodium 
amalgam, give off ammonia, and yield tho salt of an unsaturated 
acid of the fatty series, C 6 H 8 O s . 

PYRmiNE-DiaARBoxYLia Acids. C e H 8 (COOH) 2 Of the six 
possible acids of this formula, all are known. They are pro- 
duced by the oxidation of homologues of pyridine containing two 
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substituted hyrhogen atoms, and also by the oxidation of other 
substances 

Quinolinic Acid [the a-/3 modification] is obtained by the oxida- 
tion of coal-tar quinoline by permanganate,' and is the analogue of 
phtknkc acid, obtained similarly by the oxidation of naphthalene. 
It crystallises in short prisms, slightly soluble in cold water, 
more readily in hot water and alcohol, insoluble m benzene. 
It blackens when heated, and melts at about 228°, apparently 
being converted into nicotinic acid {Jam Chem Soc , xliv. 90), 
The acid is lemoved from its aqueous solution by ether. 

Lutidimc Acid [a~y] is similarly produced by the action of 
permanganate on cmclionme-quinohne It melts at 235° (219°), 
forming iso-nicotimc acid, is sparingly soluble m cold water, and 
gives with cupno acetate a pale blue precipitate. (See Bemhte, 
xx. 127) , 

Dijncuhnic Acid [a -a ] melts at 226° ; Isocinchomeromc Acid 
[a-/3] at 236° ; and Dmicohmc Acid [/J-/3'] at 323°. 

Gmchomeronic Acid [/?~y] is the chief product of j;he oxida- 
tion of quinine by nitric acid, and is also obtained, together 
with other products, by the similar treatment of cinohomne, It 
crystallises m white prismatic needles, which melt at 259° (267°), 
with partial decomposition, and is only very sparingly soluble, 
even in boiling water. It forms two classes of salts Its most 
characteristic reaction is its behaviour with cupnc acetate, which 
„ does not give a precipitate in the cold, but on heating the liquid 
becomes turbid, clearing again on cooling On prolonged boilmg, 
a permanent azuie-blue precipitate is formed 

All the dicarboxylic acids which contain a carboxyl-group in the 
a-position give a reddish yellow coloration with ferrous sulphate 
Ptbimne-tmoarboxyuo Aoids, C 6 H 2 (CO.OH) 8 , are obtained by 
the oxidation of certain alkaloids. Thus quinine, quimdme, and 
cinchonidino, by boiling with an alkaline solution of permanganate, 
yield hydi oxycmchomeronie acid, which forms orthorhombic pi isms 
melting (with blackening) at 244° , while berbenne, when oxidised 
by nitric acid, yields the isomeric body bo become acid, crystallis- 
ing in the trxclinic system Both acids give a deep red colour with 
ferrous sulphate, destroyed by a mineral acid 

Pyridind-tetiuoarboxyuo Aoids, C 6 HN(CO OH) 4 , have been 
obtained 

PrKiDiNE-PBNTAOAiiBOXYi/ifl Aoid, C 5 N(CO 0H) 6> forms crystals 
containing 2 aqua. It becomes anhydrous at 120°, and decom- 
poses without melting at 220° It is freely soluble in water, and 
is a strong acid, resembling oxalic acid in its power of form- 
ing acid and double salts (Hanzsch, Jour. Ohem Soc., xliv 85). 
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Pyrrol . 1 C 4 H S N, or C 4 H t NH 

Tins associate of the pyridine bases 2 is a colourless liquid of 
pungent taste, and odour like that of chloroform The specific 
gravity is 1 077, and boiling-point 130°-133° It is but little 
soluble m water, and insoluble m alkalies, but dissolves in dilute 
acids, alcohol, and ether. It is indifferent to most reagents, but 
appears to possess feebly-marked basic properties The only definite 
salt is the picrate, which forms unstable red needles melting at 7 1°, 
Pyrrol turns brown m the air, and when warmed with acids 
forma a red substance known as pyrrol-red, the reaction 
apparently occuiung being — 3C 4 H 6 ISr -j- H 2 0 = CjjB^NjO -f NH S . 
A piece of pine- wood, moistened with hydrochloric acid and exposed 
to the vapour of pyrrol, becomes deep red 

"When a cold aqueous solution of isatm is treated with pyrrol 
. and a little dilute sulphuric acid, a ' heavy blue precipitate, 
lesemblmg indigo, is obtained When both leagents are dis- 
solved in glaoul acetic acid and boiled, a deep blue solution is 
obtained, apparently containing the same colouring-matter 

If a solution of phenanthrene-qumone m acetic acid be treated 
with pynol and a little dilute sulphuric aoid, a brown precipitate 
is formed, which dissolves in chloioform with a beautiful violet- 
red colour When an aqueous solution of benzo-qumone is treated 
with pyrrol and dilute sulphuric acid, a dark green precipitate 
is formed, insoluble m ether These reactions indicate the close 
relationship between pyrrol and thiophene, which itself has 
the constitution of a thio-f uifuran Many of the reactions 
of pyrrol are also produced by carbazol, which is an lmido- 
diphenyl. Indode has a constitution between pyrrol and 
carbazol. Thus . — 


ryrroi. 


Pyrrol , 

j CH'CH, ' 
t .OH CH 

Fwfimn, 0 jH 4 O. 

f CH CII 1 
t .CH CH j 

Thiophene, O4II4S 

f CH CH | 
t CH CH j 


Indolt, C 8 H 7 N 

CH CH 
.C 6 H 4 J U 


l c 6 h 4 


Carbazol, C l? H a N 

{ 0 . 1 ;}™ 

Diphcnylene Oxide 

{ 1 : 1 : 1 ° 


- Pyrrol has beeA obtained synthetically by passing acetylene and ammonia 
through a ied-Jiot tube, and also by the dry distillation of the ammonium salts 
of muoic and sacoharic acids. 

a The proportion of pyrrol contained m coal-tai is very small It is best 
tuepaiod by shaking bone-oil with dilute sulphuric aoid and fractionating 
the insoluble portion. The fraction boiling between 100° and 150° is heated 
VOL. Ill PART II. H 
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Two isomeric methyl-pyi ?'ols exist m bone-oil, 1 besides a dimethyl- 
pyirol, boiling at 165°, which has also been, obtained synthetically, 
and closely resembles pyrrol. In the liomologues of pyrrol occuinng 
in bone-oil, substitution has always occiured m the C 4 H 4 group, 
but by the action of alkyl iodides on potassium-pyrrol substitution 
of the hydrogen of the bill group can be effected. 

TffiTBAiODO-PYBBOL, C 4 IJNH, has been lecently mtroduced into 
medicine under the name of “lodol” It is prepared by the 
action of iodised potassium iodide on pynol,, and forms a tasteless, 
pale yellow, crystalline powdei, haying a faint thymol-like odour. 
It is unchanged at 100°, hut gives off lodme vapour at a somewhat 
higher lempeiature lodol is neaily insoluble in water, but readily 
in etliei and chloroform It dissolves in three paits of alcohol, and 
the solution is precipitated by adding water, but not by glycerin 
lodol contains 90 per cent of iodine and possesses antiseptic and 
local anaesthetic properties analogous to those of iodoform, over 
which its slight odour and freedom from toxic properties give it 
the piefeiouce lodol can be lecogmsed by the green colom; of 
its solution in sulphuric acid, and by the blight red colour produced 
when an alcoholic solution is warmed with nitric acid 


QUINOLINE AND ITS ALLIES. 

The interesting base which gives its name to the quinoline series 
bears the same lelation to naphthalene that pyridine bears to ben- 
zene , that is, it is derived by the substitution of an atom of nitro- 
gen for one of the OH groups of naphthalene (see foot-note, Vol 
II page 507) — 

Benzene, . . . C a H a 1 Fyudine, . . C 5 H fi N 

Naphthalene, . . C 10 H S | Quinoline, . . OgH 7 N 

with a large excess of solid caustic potash in a leflux apparatus until the 
ii hole is, fused, ivhen any unchanged oil is separated and the crystalline 
mass ofi potassium pynol, G 4 ff 4 KN, is powdered, and after being washed 
with ethei is treated with water and distilled with steam, when the pynol 
is legeneiated 

1 To isolate those methyl-pyrrols, the fraction of bone-oil boiling between 
140° and 150“ is conveited into the potassium derivative, and this is heated 
to 200° in a stieam of caibon dioxide Two isotnenc homopyiiol- 
carboxylic acids am formed. The a acid melts at 169° 5, and forms a 
lead salt veiy soluble in water, while the p acid melts at 142“ 4, and foims a 
nearly insoluble lead salt On distilling the lespoctive acids with lime, the 
corresponding a- and 0 -homopyrrols are legeuerated. The flist boils at 148° 
and the lattor at 148° at 743 mm. pressure 
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Quinoline may be represented by the following constitutional 
foimulsa Where- substitution occurs m tbe pyridine-nucleus, a, ft, 
and 7 (or P-1, -2, and -3) products are obtained, while substitu- 
tion in tbe benzene-nucleus yields ortho-, motor, para-, and ana, 1 - 
denvativss (or Brl, -2, -3, -4), according to, tbe position of tbe 
substituted hydrogen atom, 



Fig 1 Fig 2. Fig 8 


Just as two isomeric naphtliols exist, so two isonieuc quinolines 
are theoretically possible, and appear to have been obtained. Thus 
the quinoline obtained by distilling quinine, cinchonine, and othei 
alkaloids with potash (fig 2 ) appears to differ m some of its re- 
actions from the quinoline contained in, coal-tai, winch is often 
called leucolme (fig 3). Outlie other hand, Hooge weif t 
and Van D '0 r p (Jour. Ghan. Soc , xliv 89) contend that the 
quinolines obtained from bath sources are identical 

A whole senes of higher homologueB aTe pioduced, together with 
quinoline, on distilbng alkaloids with caustic potash 1 y-methyl 
quinoline or lepuhne, C 0 H fl (GH 8 )N, the first member' of the senes, 
boils at 266° Of the next member, de&pohne, and the 

still higher homologues, veiy little is known. 

A parallel series of bases have been found m coal-tar and, shale- 
oils, They are obtained from the fractions of the bases boding 
above 200 °, and hence distd after the 1 pyridine bases have passed 
over Quinaldme, or a-me thy 1 -quinoline, C fl H e (CH g )lsr, 
boils at 239°, and sometimes forms 25 par cent of coal-tai quino- 
line It is a colourless liquid (also obtainable synthetically), tbe 
oxidation of which yields either a benzene or a qumokne derivative, 
according to the nature of the oxidising agent 2 Indohne, isomeric 
with qumaldina, and probably identical with lepidme, is also con- 

1 If the distillation be conducted in presence of coppel oxide, the quinoline 
obtained is almost free from higher homologues 

a When qumnldme is heated with amyl iodide it faims the compound 
C o n„(GH s )(C c H]])NI, which on heating with caustic potash la converted into 
a cyanine, C^H^NT (page 118). A similai body is obtainable horn lepi- 
dine, and a mixture of the two has been used foi dyeing silk, but tbe colour is 
very fugitive When heated with phthalic anhydride, quinaldme reacts to 
form a body of tbe phthalem dass known as quinohm-yellow (see Vol III 
Part I page 174*)' 
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tamed in eoal-tar It boils between 252° and 257°, and yields 
a crystallisable nitrate, ohromate, and hydrochloride. 

From the acid tar produced m the purification of shale-oil, 
Robinson and Goodwin (Trans. Boy. Soc Edm , xxvm 561, 
xxix 265) obtained the following bases of the qumolme senes 




Formula 


Boiling Point , 9 0 


Tetracolme, 

PentacolinQj 

Hexacoline, 

HeptaooUne, 


CiaH 18 lT 

Cj 3 IIicN 

QuP&B 

CioHio^T 


200-206 

806-310 

826-880 

345-860 


Octacollne, . 


Quinoline. Chmoline C 9 H 7 1S T . 

This base is formed by distilling quinine, cinchonine, or strych- 
nine with aqueous potash, and by other interesting reactions , but 
is best piepared by shaking together nitrobenzene (48 paits), aniline 
(76 parts), glycerin (240 parts), and sulphuric acid (200 parts). 
When the aniline sulphate has dissolved, a reflux condensei is fitted 
to the flask, which is heated to 130° till reaction sets in, when the 
flame is removed In about thiee hours, or when action is at an 
end, the product is cautiously diluted with water, and boiled to 
get rid of traces of nitrobenzene, aftei which lime or caustic soda 
is added, and the quinoline and unchanged aniline distilled over m a 
current of steam. The oil obtained is separated fiom the aqueous 
layer, dehydrated over caustic potash, and fractionally distilled, 
whereby a separation of the bases is effected tolerably readily, 
aniline boiling at 184°, and quinoline at 239° Tb purify the 
latter it is again fractionally distilled, and boiled with weak chromic 
acid mixture (to oxidise any aniline) , or the quinoline is dissolved 
in six parts of water, and strong stdphuno acid added in the exact 
quantity necessary to combine with the base After cooling, the 
liquid is filtered, and the insoluble acid sulphate washed with 
alcohol till snow-white, and then decomposed by potash 1 

1 The reaction in the foregoing leaction may be written thus , — 

2C 6 H 7 N + C e H 8 NO s + SC s H 8 0 8 - 3C 9 H 7 N + NH.fi . 

The change is undoubtedly due to the formation of acrolein, C 8 H 4 0, from the 
glyeeun, and the reaction of this with aniline to form acrolein-iniline, 
with simultaneous oxidation by the mtiohenzene — • 

C 8 H 8 O b + C 6 H 0 NH a + O - C 9 H 7 N + ffi 2 0 
The homplogues of quinoline may be obtained m an analogous manner, and by 
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Quinoline is a colourless mobile liquid, having a penetrating and 
peculiar taste, 1 and an after-taste slightly resembling peppermmt- 
oil. It has a faint aromatic odour, like that of bitter-almond oil. 
Quinoline evaporates completely but slowly at the ordinary tempera- 
ture, so that the grease-spot formed by it on paper is not permanent. 
It boils at 238°-239°, according to most observers, 231° 5, 
according to S palehol tz* and 241° 3, according toKretscky. 
Its specific gravity is stated to he 1 081 at 0° C, and 1 094 at 
20° C,, compared with water at the same temperature 

Quinoline is very spanngly soluble m cold water, but more freely 
so m hot. It is miscible in all proportions with alcohol, ether, carbon 
disulphide, and fixed and volatile oils , and is also easily soluble 
in chloroform, amyhc alcohol, benzene and petroleum spirit. 

On exposure to air, quinoline becomes resmxfied 
Quinoline haswell-maiked basic character, and forms an extensive 
senes of salts, most of which are cryslalhsable and deliquescent It 
precipitates feme and aluminium solutions, and at a high tem- 
peratiue decomposes ammonium salts 

Quinoline can be titrated fairly accurately with standard acid, if 
methyl-orange be employed as an indicator 
Reactions of Quinoline and its Salts. 

Quinoline salts m aqueous solution are precipitated milky white 
by caustic alkalies and ammonia, the precipitate being somewhat 
soluble m excess From the alkaline liquid, the quinoline can he 
readily extracted by ether, chloroform, or petroleum spirit 

Iodised iodide of potassium gives a reddish-brown precipitate 
even m dilute/ solutions of quinoline salts (1 m 20,000) Potassio- 
mercunc iodide only precipitates quinoline from tolerably strong 
solutions (1 m 3000), the piecipitate being yellowish white and. 
amorphous, hut converted into delicate amber-yellow needles on 
addition of hydrochloric acid This reaction is characteristic. 
Phospli omolybdic acid, m presence of nitric acid, produces a 
yellowish-white precipitate in qumolme solutions 

Potassium f errocyamde colours solutions of qumolme salts reddish, 
and on addition of hydrochloric acid a reddish-yellow amorphous 
precipitate is thrown down, if the liquid be not too dilute 

Qilmohne is precipitated by picnc acid, hut not by tannic acid 
or ferric chloride , and its salts, in the solid state, yield no colour- 
reactions with nitric acid or strong sulphnne acid, either alone or m 
association with oxidising agents 

With potassium bichromate, if carefully added, qumolme salts 

employing derivatives of aniline or its homologues, quinoline substituted, in 
the benzene-ring may be obtained 
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yield a precipitate of delicate dendritic crystals of the bichro- 
m a.fce (C 9 H 7 N)H 2 ,Gr z 0 7 , said by Donath to be soluble in excess 
of the reagent. Quinoline bichromate melts at 165° C, 

When quinoline is heated with sodium, diqmn olylm a, 
C 9 H 8 KC 0 H b N, analogous to dipyridyl and diphenyl, is formed 
When polymerised, quinoline yields yellow needles of d 1 q u 1 n o- 
1'ine, (C 9 II,N) 2 

When quinoline and amyl iodide are boiled together for a 
short time, they combine to form a crystalline body containing 
C 9 H 7 (C 6 H n )NI If the product be dissolved m boiling water, 
and the solution filtered and iboilod with caustic soda or ammonia, 
avoiding excess, a blue colouring matter is formed, which, on allow- 
ing the liquid to cool, is precipitated, leaving the solution nearly 
colourless The separated substance, called cyanine, is a basic 
body crystallising m green plates, having a metallic lustre It is 
nearly insoluble m cold water, but dissolves m alcohol to form a 
rich purplish blue solution, which dyes silk blue 

The foregoing reaction, as also that with potassium bichromate, is 
said not to be obtainable with the quinoline (leucolme) of coal-tar 
Quinoline possesses poweiful antiseptic properties 0 2 per cent, 
of the tartrate is said to completely prevent the lactic fermentation 
of milk, ithe decomposition of mine and gelatin, and the develop- 
ment of; bactena m cultivation-fluid Even m concentrated solu- 
tion it does not coagulate albumin, and m the proportion of 1 per 
cent, it completely destroys the coagulability of the blood, On the 
other hand, quinoline is remarkably inactive to yeast-oells, and 
does pot affect the alcoholic fermentation, even when present m 
considerable quantity 

Quinoline has been used m medicine as an antipyretic, the adult 
dose of the tartrate being fiom 7 to 12 grams It is said by some 
pot to prodnoe any unpleasant after-effects, but by others to cause 
irritation of the stomach and collapse. It is not found in the urine 
of those who have taken it internally. , 

Commercial Quinoline is often very impure and quite unfit for 
medicinal use G. Ekin {Pham Jour, [3], xn. 661) has 
described a specimen which had a deep brown colour and an odour 
like oil of ibitter almonds. On treating it with hydrochloric acid 
a laage proportion remained insoluble, and was evidently un con- 
verted nitrobenzene, whale the soluble part gave the reactions of 
aniline 

Ganehonme-quinolmo often contains lepidme. Such samples 
give the eyanme reaction (see above) with amyl iodide and caustic 
alkali 

The salts of quinoline should be completely soluble m water, 
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and. the free base m a slight excess of hydrochloric acid. The 
neutral solution should be free from bitter taste '(which indicates 
the presence of impurity derived from cinchonine), and should not 
give a coloured precipitate with caustic alkalies. 

Qumohne Taihate, (C 0 H 7 N) 8 (C 4 H a O ( j)4, is now used extensively 
in medicine It melts at 125° C , and possesses the advantage of 
being permanent m the air, whereas most of the salts of quinoline 
are deliquescent. It dissolves in 80 paits of cold water, m about 
160 parts of rectified 6pmt, and m 360 paits of ether. It pioduces 
much the same effects as sulphate of quinmp, and is given in similar 
doses, hut is far lower m price 

Quinoline Hyrh ochloride, C fl H 7 N,HCl, melts at 94° C, and sub- 
limes unchanged It dissolves in water, alcohol, and chloroform, 
and sparingly m cold ether and benzene 

Teteahtohoquinolinb. 

When qumohne is acted on by nascent hydrogen, it is first con- 
vex ted into dihydroqumolme, C fl H 0 N, a solid body melting 
at 161°, and subsequently into tetrahy droqumolme, which 
is a liquid boding at 245°. Both these reduction-products yield 
jntrosammes, and can be alkylated, and hence are secondary bases, 
Tetrahydroqumolme possesses stronger nntipyietic characters than 
quinoline itself, and this property is exhibited stdl more strongly 
in certain of its derivatives, several of which have received some 
application m medicine (see below) 

Antipyretics allied to Quinoline. 

A considerable number of new substances related to quinoline, 
and mostly allied to tetiahydioquinolxne,have been recently intro- 
duced as febrifuges and anbipyietics. Some of these are very 
powerful in then action, and appear hkely to receive a permanent 
place in mediome , but they are not periodica, and cannot be sub- 
stituted for quinine m cases of ague ox intermittent fevers The 
following are the most unpoitant of the antipyietics derived from 
or related to qumohne 1 

IT-Kairoli;s t e is the acid sulphate of a base having the constitu- 

1 Other antipyietics are described in the sections on anilides, aimdophenols, 
antipyune, &c Many interesting facts idatmg to and relationships of the 
antipyietics have been collated byT S Dymond and au anonymous 
Gorman authoi ( Pharm Jour , [3], xvn 886-895) A fuller and moie recent 
description of them is given in a senes of articles on “ Modern Mataua Medico," 
contributed by H. Helbmg to the British and Colonial Druggist, 1891, and 
since published in a sepaiato foim. 
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tion of methyl-tetrahydro-quinoline, C e H 10 (CH') 8 'N', 
obtained by reducing qumolme by tin and hydrochloric acid, and 
reacting on the resulting tetrahydroqumohne with methyl iodide 
A-Kairolinb had a similar constitution, but contained ethyl, 
C 2 Hg, instead of the methyl-group 

M- Kairine is the hydrochloride, of Hydroxy-tetra- 
hydro-methyl-quinolme, 

^ /rvm f CH 2 CH 2 I The corresponding etliyl-denvative 
- | N(CH S ) CH 3 j is known as A-Kavine 

On adding a caustic alkali to the aqueous solution of a kamne, 
tho penetrating chaiacteiistic odour and bitter taste of the free base 
are easily recognised, while the alkaline solution rapidly becomes 
coloured and deposits a brown humus-like substance When the 
aqueous or alcoholic solution of a karnue is treated with an oxidising 
agent, such as potassium bichromate and an aoid, it gives a series 
of colours ranging from -violet-blue to purple, or sometimes greenish. 
Without the addition of an acid, the solution becomes dark purple, 
and on standing a violet precipitate is formed, which dissolves in 
alcohol with black colour, A drop of ferric chloiide, added to a 
dilute and neutral solution of kamne, instantly produces a violet 
coloration, rapidly changing to brown, with precipitation An 
excess of feme chloride added to a strong solution of kamne produces 
a nearly black precipitate Sodium nitrite and dilute sulphuric 
aoid pioduce an orange or red colour in kamne solutions. Potassium 
feirocyamde gives a voluminous precipitate, and phosphotungstic 
acid a pale yellow precipitate 

The kairmes act as powerful antipyretics. Their use is almost 
obsolete, as their action is somewhat uncertain , and they are said 
to be liable to produce vomiting, cyanosis, and collapse 

Thalline is the commercial name of another antipyretic, meia- 
menc with m-kamne, and having the constitution of a salt of 
tetrahydro-paraqumanisol — 

C A (O.CH,)-{°=.g§} 

Thalhne is prepared by heating paranndo-anisol and paranitro- 
amsol with glycenn and sulphuric acid, and reducing the product 
with nascent hydrogen. Thalline base crystallises in large colour- 
less pusnis, having a hitter, saline, and pungent taste. It melts 
at, 42° C., and is epaungly soluble m water, hut readily in alcohol, 
ether, chloroform, 1 or benzene 

Thalline Sulphate, (C 10 H 13 NO) 2 H 2 SO 4 +2H 2 0, is the most com- 
mon variety of commercial “ thalline,” It occurs as a yellowish- 
white, granular or crystalline powder, having a bitter, aromatic taste, 
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and a famt odoui resembling anise and meadow-sweet It dissolves 
m seven parts of cold water, but only sparingly m alcohol, and the 
solutions become darker on exposure to light A very dilute 
aqueous solution of commercial thalhne gives with ferric chloride 
a yellow coloration, changing to emerald-gveen (destroyed by 
reducing agents)* and passing m a few hours to deop red The 
reaction is extremely delicate. A green colour is also produced by 
auric chloride, argentic nitrate, mercunc nitrate, chlorine-water, 
&c., and, in acid solution, also hy solution of bleaching powder and 
potassium ferrieyanide. Strong sulphuric acid dissolves thalhne 
sulphate without coloration, but on addition of nitric acid the liquid 
becomes deep red, and immediately afterwaids yellow-red Fuming 
nitric acid colours a dilute aqueous solution reddish Sulphuric 
acid and sugar give a red coloration Iodine colours the solution 
dark brown, then dingy green Ammonia forms a white precipitate 
of the free base, readily taken up by ether on agitation If not 
too dilute, solutions of thalhne sulphate yield precipitates with the 
general reagents for alkaloids 

If to an aqueous solution of /3-naphthaquinone a small quantity 
of the solution of a thalhne salt be added, and then a drop or two 
of caustic soda solution, a fine cherry-red coloration is pioduced, 
becoming more brilliant on adding nitric acid. The colounng matter 
is extracted by ether or chlorofoim 

Thalhne Tartrate occurs m commerce os a yellow-white crystal- 
line powder It dissolves m ten paits of cold water, and the 
solution gives the same reactions as the sulphate In alcohol it is 
very sparingly soluble The salt contains 62 2 per cent of thalline. 

The salts of thalhne become altered by exposure to light 

Thallme salts are poweifully antipyretic, and have been em- 
ployed m yellow fever. They cause profuse perspiration, and aie apt 
to produce depression, &c. Hence their internal use is practically 
obsolete Thallme acts as a direct blood-poison, its antithermic 
properties being due to the destruction of the red corpuscles, It 
has found considerable application m the treatment of gonorrhoea. 
The sulphate is official m the German Pharmacopoeia of 1890. 

Exhibition of thalline causes a dark coloiation of the urine A 
derivative, which also gives a green colour with ferric chloride, but 
differs from thalline m being oxtracted by agitating the acidulated 
urine with petroleum spirit, should first he removed, and then the un- 
altered portion of the thallme can he isolated by rendeimg the urine 
alkaline with ammonia, and agitating with ether or benzene. Very 
small quantities of thalline 1 can in this way he recognised in urine 

Ethyl-thalline, C 10 H 10 ON(C 2 II 6 ), is produced by heating ordi 
nary thallme with ethyl iodide 



122 


QUINAZOJjINES 


THEEtamioiN is a name given to the sodium salt of methyl- 
trihy dr o quinoline - carboxylic acid. — 

(COOK.)C,H, ! { HfOB-Jca, } 

Quinazolines. 

By the replacement of one of the OH groups of qumolme by H, 
bodiea are obtained which bear the same relationship to qumohne 
that the azmes bear to pyridme Thus — 


Py> idvne- Quinolv 


CHCH ] 
* { CH CH. j 

OH 

-{EH® 

0)tho-aam 

(Oiazlns) 

jJ NCH 

XN \ .CH GH 

JCH 

Ortho-ymnimlina 

(Phettoliurae). 

Meta dime 
(MldJina) 

N f CHH: 
"t CH.CH. 

| CH 

Meta-qinnazolvne 

(PliaunuMtae) 

H {.§A } 0H 

Pa ra-azine 
CPiazme) 

N S CHCH 1 
" [ CH.CH j 

: N 

Paict-ymnazohn 

(Hienplaatue) 

-{Sf I s 


A substituted meta-qiunazolme having the constitution of a 
phenyl-dihydrophenmiazine — 
N {CHN( W } CHi 

has recently acquired some practical interest as the base of “o r e x 1 u,” 
a preparation said to have valuable tome, stomachic, and appetising 
properties, on which, however, some doubt has been thrown (Pharm. 
Jour , {3], xx 709, 825, 977 , xxi 43) The usual dose of orexm 
is from 2 to 10 grains 

Obbxin, which occurs as a hydrochloride having the composition 
Ci 1 Hi 2 N 2j HC1+2H 2 0, is prepared by reacting on the sodium- 
derivative of formamlide ,by ortho-mtrobenzyl chlonde, according 
to the equation - — 

Ua(CHO) IT CaHa+OI CH a C fl ll 4 HOj-NaCl + CHO N(O 0 B c ) CH a ,C a H 4 .lT0 a 
The nitrobenzyl-formaiulide, on reduction with tin and hydro- 
chloric acid, forms the closed chain compound which is the base of 
orexm — 
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CH 7 o ^ i °^ H *- 3H > 0 + Ir {c.Hf W } H S 

Orexm (hydrochloride) crystallises with 2H 4 0 in white needles, 
melting at 80° When kept under an exsiccator for some time 
they become anhydroiiB, and then melt at 221°. Orexm has a 
hitter taste, and somewhat intense, burning after-taste. The powder 
Induces violent sneezing Orexin dissolves readily in water (13 
parts) and alcohol, but not m ether On adding an alkali to the 
aqneous solution the free base is separated as a white flocculent pre- 
cipitate readily soluble in ether and clilorofoim. 1 A solution of 
orexin yields with mercuric chloride a white precipitate soluble in 
hot water, and ledeposited in white needles on cooling Potassium 
biohromate gives a yellow precipitate soluble on heating, and 
redeposited on cooling m golden yellow needles Bromine-water is 
decolorised with formation of a yellowish amorphous precipitate. 
Orexm reduces potassium permanganate in the cold. 

On heating orexin in a test-tube with about twice its measure 
of zmc-dust, the strong characteristic odour of phenyl-isomtrila is 
produced On treatmg the residue with hydrochloric acid, and 
adding bleaehing-powder solution to the filtered liquid, a blue 
coloration is obtained, owing to the previous formation of aniline 
(compare page 45). 


ACRIDINE AND ITS ALLIES. 

Aoridime andits isomer phenanthridine bear the same 
relation to anthracene and phenanthrene respectively that quinoline 
bears to naphthalene, and pyndine to benzene (compare page 39). 
The following formulas show then constitution and relationship to 
anthracene and phenanthrene : — 



Aorldme. Phenanthridine 


Acridine. C lg H 0 N 

Acndme has been prepared synthetically by heating concentrated 
1 The base sometimes separates os an oil, which afterwaids crystallises. 
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formic acid oi chloroform with diphenylamine and zinc chloride/ 
and also by various other reactions Acridine is contained in 
coal-tar, and may be extracted from the fraction boiling between 
300° and 360°, or from crude commeicial anthracene, by agitating 
it with dilute sulphunc acid, precipitating the acid liquid with 
potassium chromate, purifying the acridine chromate by recrystal- 
lisation, precipitating the base by ammonia, and recrystallismg it 
from hot water The hydrochloride may also be employed for the 
purification of acridine 

Acridine forms colourless or brownish-yellow rhombic prisms, of 
very pungent odour and burning taste It melts at 107°, sublimes- 
m broad needles at about the same temperature, boils unchanged 
at 360°, and distils with the vapour of water 

Acridine is very slightly soluble m cold, but more readily m 
boiling water, crystallising on cooling in long needles It is readily 
soluble m alcohol, ether, benzene, carbon disulphide, <fec 

Dilute solutions of acridine (and its salts) exhibit a strong blue 
fluorescence, which is green m moie concentrated solutions, and 
disappears if they are very strong 

Certain reactions of acridine solutions with reagents are described 
on page 126 

The most characteristic property of acridine is its intensely 
irritating effect on the skin and mucous m embrane Y lolent sneezing 
and coughing are produced by inhaling the smallest particle of the 
dust or vapour The base and its salts attack the tongue even in 
minute quantities, and even very dilute solutions causa acute sting- 
ing when applied to the tongue or skin. 

Acridine has been employed as an insecticide, and compositions 
containing it have been patented for coating the bottoms of vessels. 
It is highly probable that the preservative properties of coal-tar 
creosote oil are partially due to the presence of acridme 

Acridine is a very stable substance Sulphuric acid has no 
action upon it, except at a very high temperature, and caustic 
potash does not react below 280°, Concentrated nitric acid con- 
verts acudine into nitro-derivatives Most othei oxidising 
agents act with difficulty or not at all on acridine, hut by the action 

1 Acridine is best obtained by heating a mixture of one part each of chloro- 
form, diphenylamine, and zinc oi (piefer^bly) ahmnmnm chloride, with one-half 
pait of zinc oxide, for seven or eight horns, undei pressure, to 200°~210 , ‘ 0 
The pioduct ib boiled with concentrated hydiochlonc aoid, the filtered liquid 
poured into water, the liquid again fllteied, the acridine piecipitated from 
the solution by ammonia, and lecrystalllsed from hot water (Pisoher and 
K o r n er, Ser , xvn 101) The reaotion is as follows 

(O a H B ) a NH + CHOlj + ZnO - O^N, HG1 + ZriCL, + B a O 
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of potassium permanganate it has been converted into quinoline- 
dicarboxylic or acndinic acid 

Acridine is a tertiary amine. It unites with methyl iodide. 

Salts of Acridine 

Acridine is a feeble bai& It forms no carbonate, and its salts 
are more or less decomposed by boiling with a large quantity of 
water 

Acndine Hydi ochlonde, C lg H 9 N,HCI, forms yellow plates. 
The solution in water exhibits a bluish-green fluorescence, and 
gives a yellow crystalline precipitate of the m&i cm o-chlonde, 
(C lg H 9 F,HCl) 2 HgCI 2 , on adding mercuric chlonde With platinio 
chloride it yields the ahlw'oplahnate, (C lg H 0 'H) 2 H 2 PtCl 6 , m minute, 
sparingly soluble, yellow needles. 

Acndine Nib lie, (C lg H 0 N) 2 ,ElTO 2 ,H 2 O-t-2 aqua, is obtained as 
a yellow flocculent precipitate on mixing solutions of acndine hydro- 
chlonds and sodium nitrite It forms long, yellow, silky needles, 
melting at 151°, somewhat volatile with steam, slightly soluble in 
ethei or cold water, more readily m hot water, and very soluble m 
alcohol 

Acridine Sulphite, (C lg H 9 N) 2 ,H 2 SO g , is precipitated in yellowish- 
red or brownish needles, very slightly soluble m water, on mixing 
solutions of sodmm sulphite and acndine hydrochloride, and adding 
hydiochlonc acid. 1 

Acndine Piciate, C lg H 0 N,C 6 H g (NO 2 ) 8 . This compound is ob- 
tained as a canary-yellow precipitate, consisting of minute, yellow, 
prismatic needles, which melt with blackening at 208°. It is 
almost wholly insoluble m cold, and is partially decomposed by 
boiling water , it is hut slightly dissolved by alcohol oi benzene 
even when boiling Acridine has been suggested by Anschutz 
{Ber„ xvu 438, Jour, Soc Ghem, Ind, m 234) ae a suitable 
reagent foi the determination of picric acid, the hydrochloride being 
used as a precipitant for metallic piciates, and a solution of the free 
base in benzene for the picric acid compounds of hydiocarhons 

Hydroacridine. Dihydroacridine C 6 II 4 1 ^j^ 2 1 C 0 II 4 . 

This substance is formed (together with a white substance in- 
soluble in alcohol) by the reduction of acndine in alcoholic solution 
by sodium-amalgam It forms pnsms melting at 169°, insoluble 
m water, slightly soluble m cold alcohol, very soluble m hot alcohol 
or ether It dissolves m concentrated sulphuric acid, and is pre- 
cipitated unchanged on dilution with water Argentic and cupnc 

1 Befoio adding acid, the liquid contains tho compound CtfHjN NaHS0 3 , 

whaoh forms colourless easily soluble pnsms 
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oxides reconvert it into acridine Hydroacndine is the analogue 
of piperidine (page 106) and tetrahydroqumolme (page 119). 

Phenanthridine | || 

Phenanthridme is isomeric with acridine, beaimg the same 
relation to phenanthrene that acridine bears to anthiacene (Pictet 
and Ankersm.it, Her., xxu 3.339, Jour Soe. Chem Ind , ix 
280) It melts at 104° and boils about 360°. Phenanthiidme 
presents the closest resemblance to acridine, the chief difference 
being in its behavioui with reducing agents, for, while acndme 
yields on reduction a non-basic derivative, phenanthridme gives a 
hydro-base, which crystallises from alcohol in white needles 
melting at 100°, and is converted by nitious acidmto a nitros- 
amme. The viarcmo'-chlonda of acndme melts at 225°; the 
corresponding compound of phenanthridme at 190° On adding 
sodium sulphite to a solution of the hydrochloride of acridine,^- pre- 
cipitate of reddish-brown needles is produced, while phenanthridme 
yields no precipitate. 
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The term “ alkaloid ” was originally applied to the various basic 
principles existing natmally m plants. As the number of known 
animal bases increased in number, it became necessary to describe 
the plant-bases as “ vegetable alkaloids ” to distinguish, them, from 
. the alkaloids of animal ongm But with the advance of synthetical 
chemistry, and the study of coal-tar products, an enoimous numbei 
of new bases weie prepared, and the lestuction of the term alka- 
loid to the natural plant-bases became still moie difficult. Dis- 
coveries in recent years have clearly established the fact that many 
of the plant-bases are related to p y r 1 d 1 n e oi qu in od m e, and 
several of the alkaloids have been obtained by actual synthesis fiom 
pyridine or its derivatives. In other cases, such as cinchonine 
and strychnine, the actual synthesis of the alkaloid has not hitherto 
been effected, but the relationship of the bases to pyndine and 
quinoline is not less certain. On the other hand, some of the 
plant-bases stand m much closer relation to unc acid and the bases 
found m the animal oigamsm than they do to the other plant- 
bases Thus caffeine and theobromine are undoubtedly unc acid 
denvatives, while quinine and morphine show no relation to unc 
acid, bemg evidently pyndine derivatives 

K o n 1 g s has proposed to restrict the term “ alkaloid ” to bases 
belonging to tbe second of these classes, and to define alkaloids as 
“ those organic bases found m the plant kingdom which are pyndine 
derivatives,” and it seems probable that this proposal will gradually 
be adopted, at least m effect 

' With the exception of a limited number of volatile alkaloids 
(eg., nicotine, conme, sparteine), the plant-bases contain oxygen 
m addition to carbon, hydrogen, and nitrogen They are analogues 
of ammonia, not ammonium bases , that is, they combine with 
hydrochloric acid and other acids without elimination of 
water. 

The names of the alkaloids are now usually made 'to teimmate 
m me, and it is very desuable that this termination should be 
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strictly confined to bodies of a basic nature, 1 The termination id 
is still employed for a feiv of the vegetable alkaloids (e g , morphia), 
And by some American writers foi certain other alkaloids, The 
class of bodies known os glncoside s — soma of which are 
described m an appendix to this chapter, as, from on analytical 
point of view, they present some similarity to the alkaloids — 
should locoive names having the termination in. 

The true vegetable alkaloids or plant-bases are very numerous. 
Many of them ar&^but imperfectly known, while others (e.g, 
morphine, quinine, strychnine) have been studied very completely. 

The alkaloids as a class are found m all parts of plants, though 
in some cases the occurrence of particular alkaloids is curiously 
restricted to certain portions of the plant Similarly, many of the 
alkaloids have been met with only in. plants of a particular genijs 
or family, and in some cases appear to be characteristic of a single 
■species 2 

The vegetable alkaloids are in many cases intensely poisonous 
(e g , aconitine, veratrme, strychuifie), while others, as the alkaloids 
of coffee, cocoa, and cinchona bark, produce characteristic physio- 
logical effects The large majonty of them have a bitter tasts 

"With the exception of the non-oxygenated volatile bases, nearly 


1 The misuse by chemists of the taiminatian im has caused, great confusion, 
which it? employment to designateundeimite eommoicial pioducts has mcieased 
Theie is no excuse for wntmg ben uve, paraffine, naphthaline ' or gelatine , 
and glycerine is also an undesirable title. The recommendations on nomen- 
datura made by the Publication Committee of the Journal of the Chemical 
Society deceive moie attention than they have hitherto lecewod 

2 J. M Mai s e h (Pharm Jour,[ 8], xxi 982, Irom Amer Join Phaimacy) 

states that “among the aootyledons it is almost exclusively the class of ftmgi 
wlucli in itsdifferentgioupspioduce" ’ - - ’•-* ■ lulemoom- 

position and effect, fiom those genoi; . i ihanerogams, 

Such alkaloids aie m neaily all cases confined to a single species, gemis oi tube, 
and only in raie Instances have been met with in several oiders Thus 
borberiue exists m plants of the Panunaulacm, Anonacece, Menispei mam 
Jierlm uZacem, Jtutaccce, and Lequrranoscm , and caffoine m the orders of 
llubmccm (coffee), Temstiomiaa’as (tea), Sapmlacem (guaraim), Stmuhaceus 
(colo and cacao), and in Ihaimo (mat 4, &c )/; But colchicine has only 
been observed in eololuemn , veratrme W jervine in veratuim 
piperme m certain peppers, quinine and allied alkaloids in 
cinchona and renujia, stiychnine and brucine m stryohnos , m0l . 
pin no and congeneis m opium, and one or two of these compounds’ also m 
othei poppies, sang u man no m a few Papuvaacm, pilocaipine 
phyaoBtigmine, and cocaine (?), each only in a single species’, 
aconitine and near ralatives m sevelal aconites; nice tmo m species of 
tobacco, &c” The mydriatic alkaloids of the Solanacoce aie widely 
diatnbuted thiatighout the or dm J 
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all the vegetable alkaloids are solid at the ordinary tempewture 
They are m most cases practically fixed, though caffeine and a few 
others may he sublimed 

Many of the vegetable alkaloids are powerfully alkaline m 
‘reaction, neutralise acids perfectly, and form well-defined and ' 
crystallisable salts. In other cases the basic character is only 
feebly marked, no acetates existing, and even the compounds 
with the stronger acids being decomposed by meie dilution with 
Wb&er. 

Except the volatile bases, the vegetable alkaloids are, with few 
exceptions (eg., ourarine, colchicine), veiy sparingly soluble m 
watei, and are consequently precipitated, more or less perfectly, on 
adding caustic potash or soda to the solutions of their salts. In 
some cases the precipitated alkaloid is soluble m excess of the 
precipitant. The plant-bases aie nearly all dissolved by alcohol 
(except rhceadme and pseudomorphine), and, as a lule, with great 
facility The salts of the alkaloids are usually more soluble in, 
water than the' bases themselves, and, as a rule, dissolve also m 
alcohol, This is true of the sulphates and otliei classes of alka- 
loidal salts, the metallic analogues of which are not soluble mi 
alcohol 

Ceifcam classes of double salts of the alkaloids (eg, cliloro- 
platmates, mcrcuro-iodides) are, as a rule, veiy insoluble in 
watei (compare pages 138, 143) 

Solvents immiscible with water differ considerably m then 
action on alkaloids. The free bases are for the most part soluble, 
especially in chloroform and amylic alcohol, but m the great 
majority of cases the alkaloidal salts aie insoluble m such menstrua 
As, however, the salts- of the alkaloids of low basic character are 
decomposed by, excess of water, the solutions of these salts often 
behave with immiscible solvents m the same mannei as the fiee 
bases (compare pages 158, 159). 

Classification of Alkaloids 

The plant-bases are conveniently studied in groups, as it is 
found that the alkaloids of a ceitain order or family of plants 
present more or less geneial resemblance in propeitiea and com- 
position Thus the vaiious alkaloids of cinchona balk, of opium, 
of the aconites, &c, present close analogies among themselves 
Other alkaloids do not readily admit of being thus grouped, 
and when of sufficient importance will be desciibed m separate 
sections 

In describing the plant-hases the following general arrangement 
will he adopted — The geneial reactions and methods of extiactmg 
and puufymg alkaloids as a class will first be considered, after 

VOL in PABT II 1 
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winch the existing knowledge of tlioir constitution will be dis- 
cussed. The non-oxygenated volatile bases will then he described. 
Then will follow sections on the more important saponifiable 
alkaloids, such as the aconite and myduatic alkaloids, and the 
bases of coca. The opium bases will be next considered, and then 
strychnine anil its allies The cinchona bases will be treated in 
the next section, which will he followed by one on caffeine and its 
allies Such of the alkaloids as have not been descubod under 
any of the foregoing classes, and which are ol sufficient impoitaiice, 
will then be descubod In an appendix to the chapter some of the 
more impoitaiit vegetable bittei principles of non-basic character 
will be slioitly described. 


GENERAL REACTIONS OF ALKALOIDS, 

The plant-bases present more 01 less general lesemblance in 
their behaviour with certain reagents, and hence their geneial 
reactions arc classified m the following sections 

Reactions of the Alkaloids with Acids. 

As bodies of basic character, the alkaloids combine with acids to 
form salts, which in many cases are crystaUisable and more or less 
characteristic. They are mostly soluble in water an d alcoh ol (in- 
cluding the sulphates), but insoluble m chloroform, ether, (fee 
Certain of the salts of the alkaloids are sufficiently insoluble to 
allow of the piecipitation of the bases for purposes of determina- 
tion Instances of this occur with the picrate (borberme, cincho- 
nine, quinine), acid taitrate (cinohonidine), hydnodide (quinidme), 
chromate (strychnine), hydrofeirocyamde (strychnine), penodide 
(quinine, atropine), chloroplatmate (berhenne), auiochlonde 
(aconitine), and mercuro-iodide (stiychmne, emetine, colchicine) 

Titration of Alkaloids — In their behaviour with indicators 
of neutrality, the alkaloids piesent some remarkable differences of 
behaviour from morganio bases The nential salts of strychnine, 
quinine, morphine, codeine, eonrne, nicotine, and other strongly 
basic alkaloids, are without action on Jitmus, and these alka- 
loids can be titrated with standard acid and litmus, just like 
the inorganic bases, except that their high combining weights 
intensify the effect of the errors of manipulation. Some of the 
feebler alkaloids, including narceine, narcotine, and papaverine, 
have no action on litmus, their salts behaving exactly like a 
corresponding amount of free acid. 

The salts of the alkaloids with mineral acids are generally 
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neutral to Visihyl-jpang&, which indicator can therefore be used, 
to detect and determine any free acid present 1 

On 2 >henolj?hthcdem the gieat majonty of the alkaloids have 
no action Hence, after neutralising any free acid with the help 
of methyl-orange, the acid In combination .with the_ alkaloid 
present can in most cases be ascertained hy titiation with 
standard alkali and phenolphthalem, and where the combining 
weight of the alkaloid is known ita amount can be calculated 
fiom the result of the same titration The alkaloids to which 
the process is not applicable aie, so far as at present known, 
atiopine, homatropme, hy osc.yamine, hyoseme, 
and, according to P 1 u g g e (At ch Plm m , [3], xxv 45), the volatile 
alkaloids conine and nicotine In the cases of brucine, 
moiphuie and tbebaure, a red coloration is obtained somewhat 
befoie the end of the reaction, but a little expeiicnce is stated to 
surmount this difficulty Moiphine acts as an acid to Pointer's 
Soluble blue (CLB), probably owing to the presence of the two 
hydroxyl groups (M R Engel, Gompt Rend , a u 214) 

Laemovl has been used hy Van Itallie (Analyst, xiv. 118) 
for the titration of ceitam alkaloids, including atiopmo, hyoscy- 
amme and conine, the hydrochlorides of which are stated to be 
neutral to tins indicator 

Rosolta aoid haB been employed byE Dieterich ( Pharm 
Join ' , [3], xvu. 888) for the doleimination of the alkaloids m 
extracts of aconite, belladonna, hyoacyamus, conium, and nux 
vomica, but his results leave the value of the indicator somewhat 
m doubt 

Many of the alkaloids are more or less changed when heated 

1 In titrating an alkaloid with metliyl-omnge, it is lorely convenient to 
employ an aqueous solution ot the base A solution of the alkaloid in pioof 
or lectified spirit is geneially suitable, and the indicator is fauly sensitive 
uudoi such conditions But when the alkaloid is much coloured, as is fie- 
quently tlio case m the assay of the bases duectly extiaeted from their som ces, 
it becomes difficult or impossible to obseive the end of the reaction Under 
such circumstances, the writer has oveicome the difficulty by dissolving the 
alkaloid m a little other, and placing the solution in a small stoppered 
cylinder, together with a few centunetios of Water, coloured with a drop oF 
mothyl-oiange solution (1.1000). On then giadimlly dropping m the etandaid 
acid and agitating thoiouglily aftei each addition, it is easy to observe the 
end of the leactifm, as the colouung mattei remains m the upper ethereal 
stratum, and presents a, mailced contrast tn the red colour of the aquBous 
liquid. By operating m this manner and employing ~ hydrochlonc acid, the 
author has obtained peifectly satisfactory estimations of aconitine, &e,, even 
when woiking on rb little as 0 030 giamme 
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Withj %i\vts a<?ic 19, in many cases suffering hydrolysis ( e g., atropine, 
cocaine, aconitine) or being converted into uncrystalhsable isomers 
{eg , qnmine, cinchonine) 

Coni ■ acid, with application of heat, converts 

certain I" ' g, morphine, codeine, aconitine) into 

the so-called apo-bases, with loss of the elements of water 
In other instances, one or more methyl-groups are split off 
(cocaine, colchicine) For colour-reactions, see page 145. 

Concent) ated nitric acid oxidises and decomposes the great 
majority of the alkaloids, n 1 1 r o-deri v a ti v e s being formed 
in many cases as mteimediate products In many cases, nitric 
acid yields more or less charactenstic colour-reactions with the 
alkaloids (page 146) 

Concenti ated sidphunc acid decomposes the great majority of the 
alkaloids, the change being sometimes accompanied by interesting 
colour-reactions (page 145) On applying heat, charring frequently 
ensues. Strychnine survives to some extent a treatment with 
concentrated sulphuric acid at 100°. 

Reactions of the Alkaloids with Alkalies. 

The fixed alkalies, limo^.liaxyta, and ammonia, liberate the 
plant bases from their salts, and as the free bases have, as a 
rule, but limited solubility m water, they are commonly pre- 
cipitated when the reagent is added to their solutions The 
base usually appears as a wlnte, very bulky or flocoulent pre- 
cipitate, often exhibiting a crystalline appearance, either at once 
or on standing The precipitates are often hydrated, and some- 
times can only be rendered anhydrous with difficulty 

In some cases, the plant-bases when freshly liberated from 
solutions of their salts by fixed alkalies, alkaline earths, or 
ammonia, are soluble m excess of the precipitant Thus morphine 
and codeine dissolve readily m excess of caustic potash or soda, 
and slightly m ammonia, and morphine is also soluble in lime 
and baiyta water. Quinine, but not other cinchona alkaloids, 
dissolves m excess of ammonia, and stiychnme also to a limited 
extent. 

The carbonates of the alkali-metals react somewhat peculiarly 
with the salts of the alkaloids. Few of the alkaloids form 
carbonates, so that the piecipitates produced by alkali-metal 
caihouates usually consist of the free plant-bases But the 
salts of some alkaloids are not precipitated at all by potassium 
or sodium carbonate (e </., codeine), and others which are thus pre- 
cipitated are unaffected by bicarbonates (e g., stiychnme, brucine, 
atropine, veratrme) 
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A few of the alkaloids give characteristic colour-reactions wlvon 
added to fused caustic potash. 1 

Saponification of Alkaloids. 

Many* of the alkaloids, when boiled. with a fixed a lkali, bar yta. 

or lime, undergo hydrolysis, with formation of a base of less 

complex constitution, and the salt of an acid -usually belonging 
to the aromatic series The change is strictly analogous to the 
saponification of fats and ethereal salts, and can. be effected by 
boiling with dilute acids as well as by alkalies 

The following equations represent the more important cases of 
saponification of alkaloids, and show the products of the reaction 
m each case, — 


c 33 h«no 12 + H 2 0 

^86^49^12 + ^2® 

Pseudaoonltuie 


0 2Q H 4 iN 0 u 

Aconlne 

c z7 h 41 no 8 

Peeudacunlne 


+ h 2 o = c 28 h 45 no 8 

C 3a H 49 N0 9 + H 2 0 = C 27 H 48 NO s 

Oevadlnc Covina 


c 22 h 28 no 7 + h 2 o = c, 2 h 16 no 8 

Nttiootine. Hydroootarnme, 

C 17 H 28 N0 8 + H 2 0 = CgHjgHO 

Atioptne Tiopine 

c 17 h 21 no 4 + h 2 o = c 10 h 19 no 4 

Cocaine Beozoyl-ecgomne. 

c 16 h 19 ko 4 + h 2 o = C 0 H 16 NO s 

Benzoyl-eogonine Ecgonino 

C 17 H 19 N0 8 + H 2 0 = C S H U N 

Pipeline Piperidine 

C 18 H 23 ¥0 5 + 2H 2 0 = C b H 15 F0 2 

Sinapine Choline 


+ OjHgOg 
Benzoic notd 

+ C 9 H 10 O 4 

Dliuethyl-proto 
catecluno acid 
(Volatile aold) 

+ C 9 H l0 O 4 
Veratiic acid 

+ c 6 h 8 o 2 

Aletliyl-oi otonlo 
acid 

+ c lu n 10 o 6 

Meoonic 

+ C 0 H lfl O 8 
+ CH k O 

Metliyl-aloohol 

+ b C^o 2 
4- C 12 H 10 O 4 

Plpeiio acid 

-f C u H 12 O b 

Simple acid 


1 Adcoiding to W L e n z ( Zeitschr Anal Chem , xxv 29), out of 72 alkaloids 
eranunsd, only the following gave characteristic colours when fused with 
oaustio potash, 0 5 milligramme being nsed m each case — Quinine, a grass-green 
and peculiar odour, quimdine, gieeu, becomiug yellowai atid finally brown, 
cinchonine, browmsh-ied to violet with green edgos, changing to bluish-green, 
omchomdme, green, ohangmg to grey; cocaine, gieemsh-yellow, taming to 
blue and dirty red on stronger hontmg. 
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General Preeipitants of Alkaloids, 

Alkaloids as a class give pieeipitates with a considerable 
number of reagents, especially compounds of some of the heavy 
metals The three piecynttu ' " 1 - 1 ’ , , 1 1 

perhaps, a solution of Iodine ion 

of phosphomolybdic acid (Somnenchem’s reagent), and a solution 
of the double iodide of mercury and potassium (Mayer’s reageut), 
but neither these nor any other known reagent will precipitate 
every alkaloid without exception. With the exception of 
tannin, which should be applied m a strictly neutral or faintly 
alkaline solution, the preeipitants for alkaloids should usually be 
added to a solution of the base slightly acidulated with sulphuric 
or acetic acid, but in some cases (as in the precipitation of 
certain piemtes) the solution should be strongly acidulated with 
sulphuric acid 

Piciuo Aoid, C 8 H 2 (N0 2 ) 8 OH Hager's Bmqert When used as ' 
a test for alkaloids, picric acid is host employed m saturated, cold, 
aqueous solution (1 100) The alkaloiclal solution should be 
rendered distinctly acid with dilute sulphuric acid, except m oases 
where the alkaloid to be precipitated or sought for is only 
thrown down m neutral solutions The precipitated picrateshave 
usually a pale yellow coloui, and aie either crystalline or beCjjae 
so after a time, the forms m many cases being characteristic. 

Picric acid produces no precipitate in solutions (acidulated with 
Biilphuno acid) of aniline, caffeine, comne, morphine, pseudomor- 
phine, solamne, theobromine, or the gluoosides, and aconitine, 
atropine, nicotine, and veratnne are precipitated m concen- 
trated solutions only Atropine and morphine are precipitated 
from tolerably concentrated neutral solutions Copious precipitates 
are produced by picric acid m acidulated solutions of berbenne, 
colchicine, delphinine, emetine, the cinchona alkaloids, opium 
alkaloids (except morphine and pseudomachine), <fcc Picric 
acid is especially suitable for the precipitation of the cinchona 
alkaloids, and Hager has devised a piocess of assaying baik 
based on that fact (see Assay of Ginchona hark). Nicotine, 
brucine and berbenne may also be conveniently estimated by 
picnc acid. They should exist as sulphates m moderately acid 
solution, and the picnc acid bo employed as a cold, saturated, 
aqueous solution, of which 150 c.c. will be necessary to precipitate 
1 gramme of the sulphate of a cinchona alkaloid, and twioe as 
much for nicotine sulphate. The following arc the limits of 
ddntion at which precipitation occurs, and the characters of the 
precipitates, according to T. Gr Worm ley — 
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Alkaioid 

OHAltAOTEIt OP PUEOIPITATB 

1‘HHOIJ'ITATIOK 

Nicotine, . . . 

Amoi phous, changing to crystal 

1 40,000 

Conine, . 

Amorphona, or liquid globnleB be- 
coming crystalline, soluble in 

1 600 

Morphine, 

Amorphous 

1 BOO 

Ooflome, . 

Amorphous 

1 2,000 

Narceine, . 

Amorphous , soluble In acetic acid 

1 5,000 

Strychnine, . . 

Amorphous, quiokly assuming 
characteristic orystalltue tonus 

1 20,000 

Brucine, .... 

Amorphous, becoming crystalline 

1 10,000 

Aconitine, . . 

Amorphous, insoluble in mmnonlu 

1 5,000 

Atropine, 

Amorphous, changing to very char- 
acteristic crystalline formB , 
soluble in wealc acid, Including 

1 1,000 

Verntrlne, 

Amoi pilous , soluble in weak acids, 
including acetlo 

1 5,000 

Jcrvme, . , 

Am 01 pilous 

1 1,000 

Solnnlne, 

Gelatinous , soluble In oxcess of 
picrlo acid solution 

1 1,000 

Gelsemine, 

Amoiphous 

1 600 


The alkaloids may be recovered from their picrates by mixing u 
the moist precipitate wi^Ji Bodium carbonate, drying the mixture, I 
and extracting with alcohol; or the picrate may be shaken 
with ammonia and a suitable immiscible solvent 

Tannic Acid precipitates the great majority of the vegetable 
alkaloids. The precipitates aie usually soluble in very weak acids, 
and m ammonia 

The tannates of aconitine, brucine, caffeine, colchicine, moiphme, 
physostigmine, and veratnne aie dissolved by dilute acetic acid 
and tannate of quinine by somewhat stronger acid. The tannates 
of aconitine, berberme, (brucine,) caffemo, cinchonine, colchicine, 
narcotine, papaverine, thebaine, solamne, strychnine, and vera- 
tnne resist more or less perfectly the action of cold dilute 
hydrochloric acid. The tannates of aconitine, physostigmine, 
quinine, solamne, and veratnne are not redissolved by cold dilute 
sulphunc acid. Aconitine, physostigmine, and veratnue are 
completely precipitated by tannic acid from solutions strongly 
acidulated by sulphuric acid, but only partially from slightly 
acidulated solutions. 

An alkaloid may he recovered from its tannate by mixing j 
the moist precipitate with recently precipitated lead carbonate 
or hydroxide, drying the mixture, and boiling it with alcohol ' 
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or other suitable solvent, which, on evaporation, will often leave 
the alkaloid m a characteristic crystalline foim 

Phosphomoltbdio Aoid Sonnenscheins Rear/ent One of the 
most valuable general tests for alkaloids, and reagent for separat- 
ing them fiom foreign matters, consists of a solution of sodium 
j phosphomolybdate m nitric acid It is prepared by acidulating a 
1 warm solution of ordinary sodium phosphate with nitnc acid, and 
j adding an excess of ammonium molybdate solution The yellow 
precipitate is separated, washed with water, acidulated with mtuc 
acid, and dissolved m a hot solution of sodium carbonate The 
solution is evaporated to dryness and ignited at a low red heat till 
all 'ammonium salts are volatilised, the residue moistened with 
nitric acid, and again ignited The product, consisting of p h o s- 
pho-molybdatc of sodium, is dissolved m ten times its 
weight of a mixture of one measure of strong nitric acid (sp gr 
1‘42) with nine measuies of water 

Sonnenschem’s leagent gives yellow, usually amorphous, precipi- 
tates with nearly all alkaloids, and as most of the precipitates are 
very insoluble, a negative reaction with the phosphomolybdic solu- 
tion affords in many cases a positive pioof of the absence of 
alkaloids , but, on the other hand, ammonium salts and other non- 
alkaloi d al bod ies are also precipitated by Sonnensohem’s reagent 

I Xlie phosphomoly bdates are decomposed by ammonia, in some cases 
with production of a white precipitate of the liberated alkaloid, 
which can usually be dissolved by agitation with a suitable solvent, 
ieg , chloroform, ether, benzene, amylic alcohol; but when the alka- 
loid is leadily oxidisable, treatment of the phosphomolybdate with 
i ammonia is attended with the blue or green coloration indicative ' 
’ of reduced molybdic acid This occurs in the case of aconitine, 
aniline, atropine, beibenne, codeine, colchicine, conme, mniphme, 
l nicotine, physostigmme, &c "Where such reaction occurs the alka- 
‘ loid is best recovered by mixing the moist phosphomolybdate 
J precipitate into a paste with potassium or sodium carbonate, and 
' ■ I ig alcohol. 

'' ' ' '■ Aoid, Scheibler’s Reagent, is used in a similar 

manner to Sonnenschein’s phosphomolybdic solution, and gives 
very similar reactions with alkaloids. It is prepared by dissolv- 
ing 100 parts of sodium tungstate and 00 to 80 paits of sodium 
phosphate in 500 parts of water, and adding nitric acid to acid 
reaction , or ordinary sodium tungstate may be digested with half 
its weight of phosphoric acid of 1 18 specific gravity, and allowed 
to stand for some days, when phosphotungstic acid Will separate m 
crystals. Scheibler’s reagent precipitates 1 • 200,000 solution of 
strychnine and 1 : 100,000 solution of quinine The alkaloids 



WAGNER’S REAGENT. 


137 


may be recovered from tlieir phosphotungsfcates m the same manner 
as from their phosphomolybdates (see above) 

Metatungstia Acid , Silicotunqstic Acid (E Godeffroy), and 
Phosphoantvmomc Acid (Schultze) have been proposed as pre- 
cipitant of alkaloids, but the advantages claimed for them have 
not led to then general adoption. 

Bromine dissolved to saturation m strong hythobromic acid has 
been recommended as a general reagent for alkaloids by T G 
W o r m 1 e y It is probable that hydrochlono acid might he sub- 
stituted for the hydrohromic acid without detriment to its efficacy. 
Wormley’s Reagent pioduces yellow amorphous precipitates m solu- 
tions of many alkaloids, and crystalline precipitates with meconin 
(moderately strong solutions), atropine, hyoscyamme and veratrme, 
the microscopic appearance of the precipitate being m each case 
characteristic 1 

Iodine dissolved m a solution of potassium iodide , Wagners 
Reagent , yields reddish or red-brown precipitates with nearly 
all the alkaloids, even m very dilute solutions The precipitates 
are formed more readily m solutions acidulated with sulphuuc acid, 
and when applied under these conditions the reagent is m effect 
iodised hydnodic acid Excess of the reagent should be avoided 
The quantity used should not he sufficient to colour the solution 
yellow Pieeipitation is so general, and occurs in such dilute 
solutions, that a negative reaction is conclusive proof of the absence 
of ordmaiy alkaloids, though pieeipitation is not conclusive pioof 
of the ptesence of an alkaloid The precipitates from aqueous 
solutions are usually amorphous, though codeine, narceine, and 
stryohnme are exceptions. In alcoholic solutions the precipitates 
are sometimes not formed, or are deposited very slowly , but when 
produced, they are often of different character from those yielded 
in aqueous solutions, and in some cases are crystalline. The pre- 
cipitates are mostly poly-iodides of the alkaloids, the formulae 
in some cases being very complex Thus with quinine thfire is first 
a formation of BHI,I ; with more of the reagent, BHI,I 4 is obtained , 
while m alcoholic solution, in presence of free sulphuric acid, and 

1 0 L B 1 o x am (Chevi News, xlvn 216) has pointed out that eel tain of 
the alkaloids give clraiacterlstic colom -reactions when hi omine- water is added 
drop by diop to then solutions in dilute hydrochloric aoid Thus, brucine 
is stated to yield a violet colour, and stryohnme the same oh boiling , narcotme 
a rose pmk, and the same with quinine, changed in the latter case to the 
characteristic grass-gi een colour on adding ammonia, With excess of brormn e, 
stiyohnmo, brucine and naicotme readily give yellow precipitates , whilst 
quinine, morphine and omchomne are only preoipitated with difficulty oi fioitt 
stiong solutions 
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willi an excess of the reagent, the curious io do-sulphate of 
quinine or lierepathite, B 4 , 3H 2 S0 4 , 2111,1, + 3 aq, is pro- 
duced. Atropine, strychnine, berbenne, and pipeline are among 
other alkaloids giving characteristic compounds with Wagner’s 
reagent. The alkaloids may bo recovered from their pulyiodides 
by treating the precipitate with sulphurous acid, a sulphite and dilute 
sulphuric acid, or sodium thiosulphate, and then adding an alkali 
and ahalmig with a suitable immiscible solvent Treatment with 
sodium thiosulphate (" hyposulphite ”), avoiding excess, is a con- 
venient means of purifying the polyiodides from co-preeipitated 
foreign matter The reduced solution is filtered and ogam treated 
with Wagner’s reagent, when "the polyiodide is obtained m a con- 
dition of purity. 

The strength of Wagner’s reagent may vary within wide limits 
/ Ordinary decinoimal solution of iodine is of suitable strength, or a 
solution containing 20 grammes of iodine and 50 of potassium 
iodide per litre may be usod 

Potassiq-Iodibe or 1 Cabmium, Mai jus's Reagent, employed m 
solutions acidulated with sulphuric acid, gives with alkaloids pre- 
cipitates which are at first amorphous, but which subsequently 
become crystalline They are soluble m aloohol, and in excess of 
the cadmium solution. 

P oTASBio -I odide op Bismuth, Dragendorf’s Reagent, is best 
made by mixing 16 meamies of the BP solution of citrate of 
bismuth with 1 of strong hydrochloric acid (sp gr. 116), and add- 
ing iodide of potassium equal in weight to the hydiochloric acid 
used (J. 0 Thresh) The reeultuig liquid has au orange colour, 
and when added to solutions of alkaloids, strongly acidulated with 
sulphuric acid, forms orange-red piecipitatqs, which appeal to be, m 
most cases, wholly insoluble in cold water. The following are the 
limits of delicacy, according to J C Thresh (Phc w m Jam n., [3], 
X. 641, 809) — Strychnine, 1 m 250,000, qumme, 1 m 200,000, 
qumidme, 1 in. 150,000, cmchonidme, 1 m 125,000, narcotme, 
1 m 50,000 , brucine and aoomtme, 1 in 40,000 , atropine, 1 in 
25,000; morphine and narceine, 1 in 20,000, codeine, 1 m 
17,500; apomorphme, 1 in 12,500, beibenne, 1 m 6000, 
caffeine, 1 m 3000. (See also F Mangmi, Gazetta, 1882, 
165 , Joum Chcm Son, xlu 900) 

Potassio-Meroubio Iodide, Mayers Reagent, is prepared by 
dissolving 6-775 grammes of dry crystallised mercuric chloride 
and 25 grammes of pure potassium iodide separately in water, 
mixing the solutions so obtained, and diluting the mixture to 
1 litre. The solution thus obtained is | -normal, and of con- 
venient strength for general use, though of only one-half the 
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1 ? 


strength originally proposed by F. F Mayer 1 (Chan. News, vil 
159) 

Mayer’s Solution precipitates the great majonty of alkaloids, and 
m soma cases from very dilute solutions Applied, as it always 
should he, to solutions rendered distinctly acid by hydrochloric or 
sulphuric acid, ammonia does not interfere , bub the solution to bo 
tested must not be more than slightly alcoholic, and must not con- 
tain acetic acid. The piecipitates yielded by alkaloids with 
Mayer’s solution are usually yellowish-white m coloui, and curdy 
or flocculent They are more or less soluble in alcohol, ether, 
acetic acid, iodides, and sometimes m an excess of the reagent 
Certain other organic matters besides alkaloids aie also precipitated 
by Mayer’s solution, winch therefore loses much of its value when 
applied to unpunfied solutions 

Mayor’s solution is chiefly valuable as a means of making an 
approximate volumetric determination of the alkaloid present in 
a solution; but unfortunately the composition of many of the 
piecipitates obtained with it vanes to a senous extent with the 
concentration of the solution, the proportion of the acid present, 
and the excess of the leagent 

With strychnine, the composition of the precipitate produced by 
Mayei’s solution approximates to BHI,HgI 2 , with morphine it ap- 
pears to be a variablo mixture of B(HI) 4 ,(HgI 2 ) 3 and B(HI) 6 ,(HgI 2 ) 8 , 
while with quinine the precipitate is not far from the composition 
B 2 (HI) 3 ,(HgI 2 )jj These formulae refute the statement made by 
Mayer, and reproduced by various writers, that the precipitates aio 
of definite composition, containing either 1, 2, oi 3 molecules of 
the base. It has been proved by Lyons that the precipitates 
nearly always contain a smaller proportion of mercury (often 
less than three-fourths) than has been assumed to be present in 
them The subject has also been investigated by A. B. Prescott 
(Ohem. News, xlv 114, 123) 

If Mayer’s reagent be added till precipitation ceases, there will 
always be a laige excess of the reagent piesent This excess bears 
a relation to the dilution of the liquid, and the more dilute the 
solution, the huger the volume of Mayei’B solution requisite to 

1 A B Prescott has pointed out (Cheni News, xlv lit, 128) that the 
proportions of mercuric and potassium iodide used m making Mayei’s 
solution oonespond to HgI s + 6KI, which might he supposed to react to form 
2KI, Hgl a + ‘2 III + 2EC1 , but the reactions of the solution point rather to the 
formula KI,HgI a + 3KI + 2KC1 Nevertheless, the proportion of potassium 
iodide cannot be gleatlyi educed without piempitation of mercuna iodide, hut a 
peimanent solution can be obtained with morouno chloride, potassium iodide, 
and potassium bromide, used m the proportion inchoated by the formula 
HgCh + iKI + KBr 
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effect complete precipitation Hence, m order to render titration 
■with Mayer’s solution of any value, it is essential that the solutions 
operated on shall he nearly of uniform strength, and that the re- 
agent be added m exactly the same manner It is fuitlier desir- 
able, whenever possible, to make an expenment, side by side with 
the alkaloidal solution, with a known weight of the same alkaloid 
m a state of purity, so as to avoid all assumption as to the be- 
haviour of the volumetric solution with the alkaloid m question 
The following is the usual method of performing the titration 
of an alkaloid with Mayer’s solution — The solution, which should 
be distinctly acidulated, and contain, as a rule, 0 6 per cent 
of the alkaloid, is treated with Mayer’s solution as long as a dis- 
tinct precipitate is produced As there is no definite end-reaction, 
and no satisfactory indicator has been as yet devised, 1 it is necessary 
to filter a portion of the solution to ascertain if the precipitation is 
complete. A mmnte filter, about half an inch m diameter, sup- 
ported on a ring of platinum-wire, may be used A drop or two of 
the filtered liquid 2 is placed on black glass, or on ordinal y glass on 
black paper, and a drop of the volumetric solution added from the 
burette, when the faintest turbidity will be readily perceived Before 
the end of the titration, all the trial-filters and test-diops are re- 
turned to the solution containing the mam qnantityof the precipitate. 

The end of the reaction is the point at which the Mayer’s 
solution ceases to produce a precipitate, and it is woithy of notice 
that, before this point ib leached, a condition of equilibrium is 
attained, m which the solution is liable to be precipitated by the 
addition of either alkaloidal solution or the morcuiy reagent 
A B Lyons has investigated the behaviour of vanous alka- 
loids with Mayer’s solution, noting, the effect of concentration and 
the volume of the leagent required to precipitate completely a 
definite weight of alkaloid, m addition, the volume required to 
produce an appaient excess of the mercury reagent (so that the 
liquid would give a precipitate with more of the alkaloidal solu- 
tion) , and also the actual excess of Mayer’s solution used, as esti- 
mated fiom the quantity of mercury piesent m the solution 
Lyon’s results aro given m the following table, reproduced from 
his Manual of Pharmaceutical Assaying The mercurial solution was 
~ 0 normal, and 0 1 gramme of alkaloid was employed m each case — 
1 F F May oi proposed to ascertain the excess of the leagent by titrating 
hack with standard nitrate of silvai solution, without filteung, using potas- 
sium chromate as an mdieatoi As pointed out hy Lupin ski, the sug- 
gestion ignoi es the accumulation of chlorides and iodides m the solution, as also 
the faot that some of the precipitates react but slowly with nitrate of silver 
a A convenient form of filter-tube for the pm pose has been described by 
F. C. J. Bird (Phann Jour,, [31 xvn 82G) 
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and crystalline, and in part adheies to the Leaker, in which it can 
he washed by decantation, ducd, and weighed, the amount thus 
found falling little short of the theoretical weight of 0 245 
gramme for 0 100 of alkaloid 

The following data showing the behaviour of alkaloids with 
Mayer’s solution are tabulated from the descriptions of D r a gen- 
do r f f (Plant- Analysis and Analyse Qhimigue do guelqiies D> agues 
Autwes) — 


Alkaloid. 

Dilution 

ofSolu- 

Milh- 

of 211a- 
loid 
Pried 
ilil on 

Col rectum 
Jot Solii- 

J Sonne 
for 10 0.0 
PM) ate. 

Obiems 
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Pmipltaiwn 

Aconitine, 
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Hvoscyamiue, 

Bmitine, 

Qonino, 

Nicotine, 
Strychnine, , 
Brucine, . 

Colchicine, 
Morphine, 
Niirootlne, , 

Veutrino, 

Sahadillino, 

riij sostigmlne, 

Beihoiino, 

OhclnlHimie, 

Sangmnarlue, 

Quinine, 

Cinchonine, 

1 200 

1 330 
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' 

1 600 

o In 

0 25 
210 

2 02 

8 35 
S30 
<*S6 
1105 

15 SB 

10 00 

10 05 | 

13 50 , 

18 70 1 

0S7 

21 25 

8 87 

6 10 

06 

0 7 

Dragendortf 

DiagendorfS 

Crag v,l«r!f 

Dragondorff 

Hosing 1 

Hosing 1 

1 Ample time l squired 
/ for piecipitation. 

1 Faintly acid only 
/ KOI present 
r Sol stiougly aoidu- 
X Med 

1 Sol faintly aoid only, 

1 Sol- Btrongly aoid 

|_SUghtly aoid sola 


Her eth (Pimm. Rem cl, 1886, page 209) has pioposed an 
improved method of opeiatmg with Mayer’s solution, which allows 
time for the precipitate to fully form A number of equal portions 
of the solution to be tested aie treated with volumos of the mercurial 
solution, regularly increasing by 0 1 c c., and allowed to stand eight 
or ten horns Trial-petitions of each jmxtuie are then removed 
and tested with two drops of Mayei’s solution, when a particular 
mixture will be found to have the meicurial solution in slight 
excess, while in the previous mixture it is deficient Obviously, 
the true amount lies between the two, and it is easy to ascertain 
the exact volume requued 

Strychnine and quinine are among the alkaloids yielding the 
most insoluble precipitates with Mayer’s solution ’With atropine 
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and morphine the reaction is far less delicate, and caffeine and 
theobromine are not precipitated at all 

Mercuric Chloride, HgCljj, gives, with certain alkaloids, precipi- 
tates of which the crystalline foim oi melting-point is character- 
istic, As a rule, the precipitates have the constitution B 2 H 2 IIgCl 4 , 
and are loss insoluble than those pioduced by Mayor’s reagent 
Auric Chloride, AuC 1 8 , gives yellow precipitates of alkaloidal 
aurochlondes or chloraurates with hydrochloric acid 
solutions of many of the alkaloids The double salts precipitated 
are often very insoluble They usually contain B,IICl,AuCl g or 
BHAuCl 4 , though this formula is not without exception. Auric 
chloride has the advantage that ammonium salts and the simpler 
amides are not piecipitated by it , but the piecipitates are unstable, 
the yellow colour m many cases rapidly changing to reddish 
brown, while the supernatant liquid occasionally acquires an intense 
red colour 

Platinto Chloride, PtCl 4 , is a useful reagent foi many alkaloids, 
with the hydiochlondes of which it combines to form chloro- 
platinates or platinochlondes In some instances, 
these double salts have the formula BH 2 PtCl 0 , and m other cases 
they contain B 2 H 2 PtCl 8 , while m a few instances more complex 
formula have been attributed to them It is sometimes stated 
that the alkaloids containing W 2 in the molecule form chloro- 
platmates of the first formula, while m the case of bases having 
only one atom of nitrogen the platinum salts contain two atoms 
of alkaloid, m other words, that the latio of II Pt is 'con- 
stantly as 2 1. This, however, is far from being the ease, for 
alstomne, gclsamme, aspidospeimme, paytine, strychnine, pilo- 
carpine, and numerous other bases containing H 2 agree with the 
opium bases, berbenne, cevadme, atropine, and others containing IT 
in forming platinum salts of the formula B^HjPtClg, In addition, 
many of the cinchona-bases form platinum salts of both senes 
The chloioplatmates of the alkaloids vary m coloui from pale 
yellow, thiough orange and rod, to biowmsh red. They are 
mostly spanngly soluble m water, and hence aio usually formed 
as precipitates on adding platmic chloride to a solution of the 
alkaloid acidulated with hydrochloric acid The similai behavioui 
of potash and ammonia diminishes the value of the test. Xanthine, 
caffeine, colchicine and pelletierme are among the alkaloids not 
precipitated Of the rest, the chloioplatmates of quinine, cin- 
chonine, morphine and stiychnme are among those dissolved 
by hydrochlono acid. The melting-points of the alkaloidal 
chloroplatmates are often characteristic 

Potassium Permanganate, KMn0 4 , produces characteristic 
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reactions -with certain of the alkaloids Beckurts and List 
have examined the behaviour of a number of them, by add- 
ing a decmormal solution of the reagent, drop by dtop, to a 
cold saturated aqueous solution of the hydrochloride of the base 
Immediate reduction of the permanganate, with separation of 
brown manganese oxide, was observed with the hydrochloudos of 
quinine, emchomdme, cinchonine, cinchonamme, brueme, veratrme, 
colchicine, eonme, nicotine, aconitine, pliysostigmme, codeine, and 
thebame The solutions of atropine, hyosoyamme, pilooarpine, 
berbenne, piperme, and strychnine weie coloured red, the reagent 
being only gradually reduced 

With morphine hydrochloride the permanganate produced a 
white crystalline precipitate of oxydimorphine, which, when filtered 
off and dried, could be recognised by its characteristic reactions 
Apomorphine hydiochlonde immediately leduced the reagent, with 
production of an intense green colour 

On adding a few drops of a decmormal solution of potassium 
permanganate to a concentrated solution of narceine hydrochloride 
a reddish precipitate is immediately formed, which is very stable 
m the cold and in the absence of an excess of the reagent, but is 
decomposed on heating or by addition of more permanganate 
Solutions of papaverine hydrochloride, and of narcotme if diluted 
with hydrochloric acid, at first behave similarly , but the precipi- 
tates are much less stable than narceine permanganate, and soon 
discolour and decompose with separation of brown manganese oxide. 

F, Geisel (Phatm Zeit , 1886, p 132) has pointed out that 
cocaine gives a comparatively stable permanganate, which forms a 
purple-violet precipitate of characteristic microscopic appeaiance 
The precipitate forms only slowly m dilute solutions, and under- 
goes gradual decomposition 

Colour-Reactions of Alkaloids. 

Many of the, alkaloids give brilliant, and in some cases 
characteristic, coloiations when treated with appropriate reagents. 
When possible, the reaction should be compared with that 
yielded by the pure alkaloid treated side by side with the 
sample The reagents which have been proposed as colour-tests 
foi alkaloids are very numerous, and have not always been chosen 
or applied with discretion, nor with a due regard to purity. 
The colour-reactions may be classified as: — (1) Those produced j 
by dehydrating agents, such as strong sulphuric acid, phosphoric 
acid, and zmo chloride, 1 (2) those given by oxidising agents! 

1 In using zinc ohloride, Ozumpelitz dneots that the substance to he 
examined should he fitst carefully dried, moistened with a solution, of 1 gramme 
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not of themselves yielding colours, such us, nitric acid, chlorine, 
bromine, and bleaching powdei , or sulphuric acid and oxidising 
agents, such as potassium chlorate, perchlorate, and perman- 
ganate; (3) those given by oxidising agents which themselves 
j yield a coloured product by reduction, such as iodic acid and 

! reagents containing chromic, molybdic, tungstic, and vanadic acids , 
(4) and colorations produced by certain special leagents, such as 
t feme chloride, hydrochloric acid, sulphuric acid and sugar, 1 &e 
As a rule, the best method of observing the colour-reaction - 
of au alkaloid is to apply a drop of the reagent by means of ai 
pipette or glass rod to a minute fragment of the solid alkaloid, 
placed on a porcelain plate or m a flat poicelam dish An; 
alkaloidal residue obtained by the evaporation m a porcelain; 
capsule of an alcoholic, ethereal, chloroformic or other solution f 
may be very conveniently employed for observing colour-reactions , 
Fused Caustic Potash gives a fow interesting colour-reactions i 
with alkaloids (see foot-note, page 133) 

Cose'"'-- |t- — - Aoid gives coloui-reactions with 

a few , ' i ^ colours are yielded with physo- 

stigmme, sabadilhne, eabatrme, veiatnne, and veiatioidme, and 
a yellow with thebaine On addition _of chlorme-water after 
hydiochl2nc l acid, berberme gives a led coloui. Nicotine yields 
an amorphous hydrochloride and conme a crystalline salt, on evapo- 
rating the solution in hydrochloric acid 

Concentrated Sulphuric Acid gives colour-reactions with a 
number of alkaloids, the coloration varying with the degree of 
heat applied The following reactions have been observed when 
the acid is dropped on 'to the solid alkaloid, without applying 
heat • — No colow , or a famt straw tint only, is yielded by 
pure aconitine, atropine, caffeine, cliolonidme, einchonidme, cocaine, 
codeine, hyosome, hyoscyamme, gelsemme, morphine (purple to 
brown on warming), nicotine, pilocarpine, quinine, qumidine, 
staphisagnne, strychnine, and theobromine Yellowish colorations 
are given by colchicine, gnoscopine, jervine, and by many other 
alkaloids m presence of impuiities Reddish colours are pro- 
duced either immediately or giadually, with impuie aconitine, 

melted 7inc chloride m 30 c c of water, and dned again If thus heated, 
strychnine takes a 3<jailot colour, tliebame a yillon, naiceme an olive green, 
delphinine a red-brown, beibenne a yellow veiatnne a red, quinine a pale 
yellow, digitalm a maioon, snliom a violet-ied, santonin a violet-blue, and 
oubebm a purple The piesence of biueme pievents the coloration of stiyeh- 
nme, the tingo produced being a duty yellow ( Gioraale Farm Glum , Jour 
Ghem Soc., xln 840) 

1 Information respecting this-test will be found undei " m o r p b i n e." 

VOD III PART II, K 
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apomorphme, brucine (pale rose), cocaine (impure), canine (pale 
red), gelsemnie (impure), meconidme, narceine (changing to black), 
narcotme (yellowish-red, changing to violet and blue), physostig- 
nnne, ihoeaclino, sabndilline, sabatime, solamne, taxine, thebome, 
veratrme, and veratioidme. Bluish colorations are yielded by 
cryptopine, curarme (after a time), and papaverine Gi esnish colours 
are given by bebenne, berbenne, emetine (brownish to green), 
pipeline, pseudoniorplune, and sometimes by rheeadme. 

Some characteristic changes of colour can he obtamed by 
gradually warming the capsule m which the test is hemg made, 
by placing it over a small beaker of boiling water The ultimate 
result is usually browning and chauing of the alkaloid, but the 
intermediate reactions are often of value 

Many substances besides alkaloids give more or less 
bnlliaut colour-reactions with strong sulphuric acid Thus red 
colorations (often of a brilliant hue) are obtained with amygdalin, 
cohunbin, cubebm, elatenn, hesperidin, phlondzm, populm, salicm, 
sarsaparilla, senagm, smilacm, synngin, and many vaueties of 
tannin 

In applying sulphuuo acid as a colour-test for alkaloids, it 
must be lemembered that the picsence of a very minute quantity 
of mtuc acid, often piesent as an impunty, greatly modifies the 
colorations produced by many of the alkaloids Thus, if the 
treatment with sulphuric acid (without applying heat) be followed 
by the addition of a veiy minute quantity of nitric acid (at the 
end of a glass rod drawn out to a point), or a minute fragment 
of solid potassium mtiate, the following reactions will be ob- 
tamed 1 No colon) with atropine, caffeine, cinchomdme, cin- 
chonine, nicotine, pilocarpine, qumidme, quinine, staphisagrme, 
strychnine, or theobromine, ted coloration with biucine, cm arms, 
naicatine (reddish violet or blood-ied), physostigmme, sabadillme, 
thebame, and veratnne (gradual change to charry-red). Special 
and peculiar changos of colour are produced by morphine, codeine, 
and colchieme, and are described in the respective sections on 
these alkaloids 

Strong Hitrio Acid, of 1 40 to 1‘42 specifio gravity, gives 
more or less charactenstie colour-reactions with a number of alka- 
loids. A drop of the acid should ha applied by means of a glass 

1 Erdmann applies this test by mixing 0 drops of nitric acid of I 25 
specific gravity with 100 o 0. of water, and adding 10 drops of the dilute 
acid so obtained to 20 grammes of sulphnne acid From 8 to 10 drops 
of the solution so prepared, or Erdmann’ a Reagent, is added to 1 oi 2 milli- 
grammes of the solid to he tested, and the colour ohseivad after 20 to 30 
minutes 
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rod to a mmute fragment of the alkaloid, or to a residue left on 
evapoiahng a solution on white porcelain No coloration is yielded 
by aconitine (when pure), atropine, caffeine, cinchonidme, cincho- 
nine, conrne, gclsemme (impure, gieemsk), qiumdme, quinine, 
strychnine, or theobromine. Yellowish colours are obtained with 
impure aconitine (colour vanes from yellow to red and brown), 
codeine (orange-yellow), morphine (yellow to red), narceine, narco- 
tise, papaverine (oiangc), pipeline (oiange), lkceadme, sabadiUmo 
(yellow), tkehame, and vemtnne Red shades are pioduced by 
impure aconitine (colour vanes from yellow to rod and brown), 
apomorphine, bebenne (red to red-brown), boibenne (red-brown), 
brucine (blood-red), papaverine (orange-ied), psendomorplune 
(orange-red), and physastigmme (gradually) Gelsemuie yields a 
deep bluish green residue on evapoiation Blue coloius are said 
to be given by colchicine and solamne , and by the g 1 u c o s 1 d a s 
igustrm and synngm 

SuLPHOMOLYBDio Acid, Frohde’s Reagent, affoids oue of the 
most useful of the oxidation-tests foi alkaloids , but it must be 
home in mind that the colours pioduced are in great measuie 
those of the lower oxides of molybdenum, and that various other 
bodies besides alkaloids readily reduce molybdic acid with forma- 
tion of these colouied oxides The reagent itself, if strongly 
heated, acquires a blue coloration from reduction of the molybdic 
acid Frolide’s reagent is prepared by dissolving 6 milligiammes of 
molybdic acid or molybdate of ammonium in each 1 c c of strong 
sulphuric acid No colour is pioduced with atropine, caffeine, 
cinchonidme, cinchonine, conine, delphinine, liyoseine, hyoscyamme, 
nicotine, strychnine, or theobiomme. Yellowish coloiations are 
given by aconitine, colchicine, and pipeline Reddish shades of 
colour are pioduced by brucine, emetine (red, changing to green), 
narceine (red, changing to blue), sabadilline (reddish violet), solamne, 
thebame (orange), and veratnne (gradual production of a clieny-ied 
colour) Bluish colours are given by codeine (gradual production of 
deep blue), morphine (violet-blue, then dirty green, changing to 
deep blue), narceine (yellowish brown, changing to red and bine), 
staplnsagrme, (violet-brown) Gheemsh colorations aie pioduced 
by apomorphine (green to violet), bebenne (brown-green), ber- 
berme (brown-green), emetine (red, changing to green, and turned 
blue by hydrochloric acid), quinine (pale green), and qumicb^ 
(pale green) 

Of non-alkaloidal bodies, colocyntlnn gives slowly a cherry-red 
colour; elaterm, a yellow, phloridzin, giadually, blue, popuhn, 
violet ; salicvn, violet to cherry-red , and synngm, a blood-red to 
violet-red coloration. 
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Sft/phovanadIo Aoid has been recommended byF Kundr&fc 
( Uhem Zait , xin 266, Jom Soc Chan Ind , vm 421) as a 
colonr-teBt for alkaloids Phe reagent is prepared by dissolving 
0 1 gramme of ammonium vanadate in 10 cc of strong sulphunc 
acid. It is stated to give the following reactions, many of which 
are due to the production of the coloured lower oxides of vanadium, 
and hence are likely to vary with the proportions of the reagent 
and alkaloid employed No coloration is produced by caffeine or 
nicotine Brown by aconitine (light coffee-brown), codeine (greenish 
biown, becoming darker), morphine, naiceme (changing to dirty 
blmsh violet, then gradually reddish brown), piperme (intense red- 
dish brown to black), kainne (dirty pink, quickly changing to duty 
light brown and brownish green), solamne (coffee-brown, changing 
at the edge to purple and m the centre to dirty green, and very 
giadually becoming an intense violet jelly) Red colorations are 
given by atropme (changing to yellowish red and yellow), brucine 
(intense blood-red, gradually fading), narcotine (blood-red or 
purple), and veratnne (biowmsh red, changing to reddish violet). 
Yellowish or oiange colours are produced by cinchonine (changing 
to green), cocaine (orange, froths on dissolving), physostigmme 
(greenish yellow, then purple, finally yellow-hrown), and quinine 
(changing to blmsh green and greenish brown) Green colorations 
are produced by colchicine (changing to greenish blown and coffee- 
brown), conine (intense green, changing to brown), and quimdine 
(faint bluish green) Blue reactions are produoed by antipynne 
(greenish blue, gradually becoming bluer), and apomorphine (dark 
violet blue, rapidly changing through duty green to reddish and 
light brown) Violet colorations are given by papaveune (gradually 
changing to bluish green and orange-green), and strychnine (bluish 
violet, changing to leddish violet, purple, and bulliant red) 

Of colorations with non-basic principles the following have been 
recorded . — Antifebrm, purple, rapidly changing to brown ; digi- 
talm, intense brown, with Teddish shade, and salicylic acid, 
brownish green Piorotoxm and santonin give no coloration with 
sulphovanadic acid 

Ferric Chloride gives a lew characteristic colorations, the 
most impoitant being the blue reaction with morplune and the 
blood-red with antipynne (page 35) A freshly-made mixture of 
fenic chlonde and potassium femeyamde (free from ferrocyanide), 
both m aqueous solution, has a yellowish blown colour , but in 
presence of certain alkaloids it is immediately coloured blue (or 
green) owing to the production of Pinssian blue. This reaction 
was at first regarded as characteristic of the ptomaines or 
cadaverio bases, but it is produced by any readily oxidisable 
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alkaloid, and hence is given immediately by morphine, aconitine, 
physostigmme, &c, and after a short tune by hyoscyanune, 
emetine, colchicine, nicotine, and many of the tar- bases 

Oxidation - aor.ous- reactions are also produced by reagents v 
having a more powerful oxidising action than the foregoing Thus 
strong sulphuric acid may he employed in conjunction with 
potassium mtiate, chlorate, perchlorate, permanganate, bichromate, 
and femcyanide , 01 with metallic peroxides, such as those of man- 
ganese (MnO a ), lead (Pb0 2 ), ruthenium (Ru0 3 ), uranium (U 3 0 3 ), 
and ceiium (Ce 3 0 4 ) The most important of the colour-reactions 
obtained with such reagents are those yielded by strychnine, cura- 
rme, gelsemme and aniline, which are fully described elsewhere. 

Physiological Tests for Alkaloids. 

A large number of the natural alkaloids, if not an actual 
majority, have well-marked poisonous chaiacteis The symptoms 
pioduced aie of the vaned description, langmg from the nar- 
cotism of morphine to the paialysis of comne and the tetanus of 
strychnine 

In making experiments on animals it is often advantageous to 
administer the poison by hypodermic injection of a solution of 
alkaloid m water, or weak spiut acidulated with acetic acid Such 
a plan obviates the loss of the poison by vomiting, which some- 
times eliminates the gieater part of the poison from the system 
On the other hand, the subcutaneous injection of small animals is 
open to certain obvious objections, and m many cases internal 
administration may be advantageously substituted for it, especially 
if the animal employed he a rabbit or gumea-pig, and hence not 
liable to vomit. In many instances, such animals aie hopelessly 
large, and mice, small birds, or frogs must he employed W y n t e r 
B 1 y t h has used blowflies with success m some cases, and occasion- 
ally fish aie of service When the poison is to be given internally, 
the extract or veiy stiong solution should be made up mto one or 
more small pills with oatmeal, which the animal is either induced 
to eat or forced to swallow In the case of linnets and other small 
birds, a drop of the liquid to be tested should be introduced into 
the open beak by means of a pipette or feather 

In some cases, physiological tests may be advantageously made 
on human subjects. Besides observing the bitter taste possessed 
by most alkaloids, the tingling sensation produced on the tongue 
by aconitine and cocaine can be thus detected 

A marked physiological characteristic of many of the alkaloids, 
sufficiently striking in some cases to serve as actual evidence of 
their presence, is their effect on the pupil of the eye The test is 
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generally made by placing a drop of the allcaloidal solution to be 
examined, as nearly neutral as possible, on the eye of a rabbit, 
dog or eat, when, m a time varying from a few minutes to about 
half an hour, a marked contraction or dilation of the pupil will he 
observed. 

A. The pupil ib dilated by : — 

1 Atropine and belladonna , hyoscyamine and h y o- 

seme, and preparations of henbane and stamonnim , 
solanme, and extracts from solanaoeous plants 
geneially. 

2 Cocaine, and preparations of coca 

3. Co nine, and preparations of hemlock and other umbel- 
liferous plants 

4 Cytisine, and preparations of laburnum. 

5. D i g i t a 1 i n, and preparations of foxglove, 

'6. Gelsemme, and preparations of gelsemium (yellow 
jesamine) 

7 Sparteine, and preparations of broom 

8. Yeratrme, jervine, and preparations of hellebore 

'9. Hydrocyanic a o l d and cyanides. 

Mydriasis, or dilation of the pupil, is so striking a characteristic 
of atropine and the isomeric and associated bases that these are 
often grouped together as the “mydriatic alkaloids." The 
mydriasis is only observed m the eye to which the alkaloid is 
applied 

B The pupil is contracted by , — 

1 Morphine, and other opium alkaloids and preparations 
of opium. 

2. Aconitine, and preparations of aconite and other mem- 
bers of the Ranunmlacece 

8 Physostigmine, and preparations of the Calabar 

bean 

4 Strychnine, brucine, and preparations of nux 
vomica 

A sunilai effect on the _pupil is pioduced by the poisons when 
taken internally or hypodermically m sufficient quantities Some- 
times, as in the case of morphine and preparations of opium, 
the pupils aie contracted duiing the early stages of the poisoning, 
hut dilated subsequently, especially after death Nicotine and 
preparations of tobacco m some oases cause contraction, and m 
others dilation, of the pupil In poisoning with aco n 1 1 1 n e alter- 
nate contraction and dilation of the pupil is sometimes observed. 
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ISOLATION AND PURIFICATION OF ALKA- 
LOIDS. 

The vegetable alkaloids are found m all parts of plants, and in 
many cases constitute their characteristic active principles It 
must not be assumed that the active principle is necessarily of an 
alkaloidal character, though plants and plant-products, which act 
pnmarily on the nervous system, producing tetanus, paralysis, or 
narcosis (e g , nux vomica, aconite, opium), owe their activity, as a 
rule, to the piesenee of an alkaloid. On the other hand, m plants 
which act primanly on the muscular system (eg, digitalis), the 
active principle is usually of a non-alkaloidal chaiaeter Wheie 
the action of the plant is emetic, cathartic, or purely astringent, ( 
the active principle is usually of a neutral or resinous character , 
hut this statement has some marked exceptions, foi ipecacuanha, 1 
a typical emetic, owes its activity to the alkaloid emetine 

An alkaloid never exists j» a. plant. m a free state. It is most 
frequently present as a salt, often an acid salt, of some organic 
acid, especially malic acid or one of the varieties of t a n n 1 e 
acid In some instances the acid with which the alkaloid is 
united is peculiar to the plant m question, as, for instance, 
meconic acidm opium, quimc acidm cinchona balk, and 
igasuric acid in nux vomica In other cases the alkaloid is 
combined with an inorganic acid, as is the case, m part at least, 
with the morphine m opium. The natural forms of comhina- 1 
tion of the alkaloids aie almost mvaiiably readily soluble both m | 
water and m alcohol, hut insoluble m ether 

The general action of solvents on the leading constituents of 
plants will be seen from the following table, which will also serve 
to indicate the nature of the bodies hkely to be co-extiaeted with 
the alkaloid when the respective solvents aie employed — 



Water 

Alcohol 

Ether 

Alkaloidal salts. 

Other salts of iuorgnulo 
adds, 

Other salts and oigame 
acids, 

iFree organic adds. 
Tannins and colouring 

Gnms and peotous bodies, 
AUn'inlnoids, &c , 

CeUulose, 

He sins, 

Fixed oils, 

Essential oils, 
Chlorophyll, 

Soluble 

Mostly soluble 

Soluble 

Soluble, 

Soluble 

Soluble 

Soluble 

Soluble 

Soluble in bot 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Solnblo 

Mostly insoluble 

Soluble 

Soluble 

Soluble 

Soluble 

Mostly Insoluble. 
Insoluble 

Insoluble 

Insoluble 

Soluble 

Sparingly soluble 
Soluble 

Soluhle 

Insoluble 

Insoluble 

Mostly insoluble 

Mostly Insoluble 
Vniiable 

Insoluble 

Insolublo 

Insolnble. 

Variable 

Soluble 

Soluble 
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Alcohol ,ia the solvent best adapted for the extraction of 
alkaloids from plants, 'which, should, of course, be reduced to a 
suitable condition The treatment may with advantage be re- 
peated several times, the residue being well pressed between each 
exhaustion, which is preferably effected by a percolator, or some 
equivalent arrangement In the final extraction, the addition 
of a little Bulphuuc or tartaric acid is often an advantage, 
hut the amount of acid used should be very limited, and its 
employment is vetoed m the case of readily changeable alkaloids. 
Hot water may he substituted for alcohol m some cases When 
alcohol has been used for the extraction, it should be removed 
partially or wholly by gentle evaporation before proceeding to 
tlie next stage of the treatment 

The method to be adopted for the isolation of the alkaloid 
from the infusion or tmctuie obtained depends much on its nature, 
and the object of the experiment Extraction by immiscible 
solvents permits the detection of small quantities of alkaloids, which 
defy methods based on precipitation, and hence tins principle is 
very valuable in toxicological investigations; but, on the other 
hand, the alkaloids so extracted are usually less pure than when 
isolated by other means 

Wheie it is intended to attempt the separation of the alkaloid 
by conversion into an insoluble or nearly insoluble compound, a 
variety of prceipitants are available, each one of which has special 
advantages m particular cases But before resorting to these 
general preoipitnnts, it is desuable, and m many cases absolutely 
necessary, to remove from the liquid as much as possible of the 
inert organic matters The best reagent for this purpose is lead 
i which should be added giadually to the previously 

neutralised liquid, as long as a precipitate continues to be produced, 
av oiding the use of any considerable excess of the reagent. The 
precipitate having been filtered off, the filtrate should be treated 
with ba sic acetate of lead, which in many cases will produce a 
further"' precipitate, to he removed by the filter as befoie, On 
adding ammonia_to, tho_filtrate, a third precipitate will frequently 
be pioduceclpmt it must be remembered that cinchonine and other 
sparingly soluble alkalies are liable to be thrown down at this 
stage. 1 (On this account it is undesirable to add basic acetate of 
lead and ammonia at once, and filter off the joint precipitate.) 

1 The threefold treatment with neutral lead acetate, basic lead acetate, 
and ammonia in presence of lead acetate causes the precipitation of tannins , 
most vegetable acids (eg , malic, tartaric, oxalic) ; albuminoids, starches, and 
gums, many glucosides, sugars, and dextrin; and the majority of colouring 
matters 
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Thu liquid, which should smell distinctly of ammonia, is next 
evaporated at a gentle heat till the odour of ammonia has dis- 
appeared, whan the excess of lead is precipitated by a stream 
of sulphuret ted hy drogen or the addition of a moderate excess of 
dilute sulphuric acid Of these plans, the fust is much to he 
preferred. The lead sulphide often carries down with it a notable 
quantity of colouring matter, otherwise difficult to remove, and the 
excess of sulphuretted hydrogen is easily got rid of by concen- 
trating the filtrate at a gentlo h'eat. When sulphuric acid has been 
employed “ho precipitate the lead, the filtrate should be carefully 
neutralised before attempting to further concentrate the liquid, 
otheiwise the alkaloid may suffer paitial or complete decom- 
position 

The alkaloidal solution, having been purified by the foiegoing 
treatment, may be treated with one of the geneial leagents for 
alkaloids, the choice of which will necessarily depend on the 
nature of the base supposed to be present Where this is 
unknown, preliminary tests with various piecipitants should he 
made on small aliquot fractions of the solution Although other 
reagents may be preferable m particular cases, the choice will 
generally he between one of the following precipitants . — 

1, A fixed alkali, carbonate of alkali-metal, lime, or ammonia ; 

suitable for precipitating morphine, the cinchona alka- 
loids, the aconite bases, &c. 

2. Picric acid (page 134), very suitable for precipitating 

the cinchona bases, emetine, berberine, and veratrme 

3 Tannic acid (page 135) 

4 Phosphotungstic or phosphmolybdic acid (page 136), 

available for the great majority of alkaloids, and 
especially for strychnine 

5 Iodised iodide of potassium (page 137), which produces 

very insoluble precipitates with the great majority of 
alkaloids 

6 Mayer’s solution (potassio-iodide of mercury) (page 139), 

valuable for precipitating emetine and the opium bases. 

With the exception of tannic acid, which should be appliedll 
to the neutral or even faintly alkaline solution of the alkaloid, p 
the reagent should he added to the acidulated solution, sulphuric |l 
aud bemg the most suitable acid to bring the liquid to the** 
proper condition In most cases precipitation is tolerably rapid, 
but it is desirable, os a precaution, to wait 24 hours before 
proceeding with the filtration This is especially necessary perhaps 
in the case of precipitants 1 and 2 The alkaloid may be 
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recovered from tlie precipitate in the manner descnbed on page 
135 et aeq 

■ As a rule, the salts of the alkaloids are not soluble in lmmisoible 
polvonts, and hence when the acidulated solution of an alkaloid is 
! jigitated with chloroform, ethei, petroleum spirit, benzene, or amyhc 
\ilcohol, ,the solvent does not remove the base from tbe aqueous 
liquid. This behaviour broadly distinguishes alkaloids from 
glucosidos, but, owing chiefly "to their weak basic character 
and The' instability of their Balts, caffeine, colchicine, delphinine, 
narcotine, papaverine, tbebame, and theobiomme are partially or 
wholly removed from their acidulated solutions on agitation with 
chloroform, while amyhc alcohol is slated to extract berbeune and 
voratnne in addition to the above bases 

Extbaotion by Immiscible Solvents 

The behaviour of the alkaloids, when their acid and alkaline 
solutions are agitated with immiscible solvents, is of the highest 
practical value for their isolation and identification 1 

The immiscible solvents used for the extraction of alkaloids, &o , 
should be free from any tiace of fixed or difficultly volatile organic 

■ matter This is best ensured by shaking the solvent with water 

, slightly acidulated with sulphuric acid, separating the aqueous 
i liquid, and redistilling the immiscible solvent at a moderate tem- 
j * i - ' J ; the last portion The distillate should then 

ater lendered faintly alkaline by caustic soda, 

| and indeed may be advantageously kept m contact with faintly 
j alkaline water The agitation with water is essential in the case 
I of solvents liable to f imtan^ alcohol (e.g , ether, chlorofoim, amylic 
| alcohol), the presence of which might seriously modify their 
faction. 

In using immiscible solvents, it must he home in mind that 
extraction is nover theoretically perfect with a single treatment 
The dissolved body is distributed between the two solvents m 
proportions which are probably dependent on the lelative solu- 
bility of the substance m the two media, and the relative 
quantities of tbe two media omployed Thus, it may be sup- 
posed that if a substance be 99 times more soluble m chloroform 
than m water, and its aqueous solution be shaken with an equal 

1 Tbe principle appears to bave been first adopted by Otto in 1856, who 
employed other m bis modification of Stas’ process for tbe detection of 
poisonous alkaloids. In 1866, Eodgors and Gndwood employed tbe 
method with ohloroform, and in 1861Uslai and Erdmann recommended 
the use of amylic alcohol In 18G7, Dragon doiff published his well- 
known elaborate scheme for the separation of plant-punoiples by imimsoihle 
Solvents 
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measure of chloroform, 99 per cent of the whole substance will 
pass into the chloroform. On separating this layer, and again 
agitating the aqueous liquid with an equal quantity of chloro- 
foim, 99 per cent of the remaining substance will be dissolved, 
thus making the exhaustion practically complete In the case 
of etheT and arnylic alcohol, the solubility of the solvent itself 
m the aqueous liquid is also an important consideration , for, as 
ether is soluble m about ten tunes its measure of water, on 
agitating together equal measures of ether and an aqueous liquid, 
it may be assumed that one-tenth of the ether will be dissolved, 
and will remain m the aqueous liquid together with its one- 
tenth share of the alkaloid oi other substance to be extracted, 
On separating the ethereal layer, and again shaking the aqueous 
liquid with an equal meaaiue of ether, it may he considered 
that nine-tenths of the previously dissolved ether and its alkaloid 
will be recovered m the immiscible solvent On the other hand, 
the ethereal layer is not wholly free from water, which may be 
expected to take up certain substances not soluble m anhydrous 
ether , hut piactically such traces of impurity aie removed on 
agitating the ether with a limited quantity of water. Similar 
considerations of solubility apply to treatments with chloroform, 
hut with consideiahly less foice owing to its slight solubility 
in water and wee-vena. , and m the case of petroleum-ether and 
benzene they have no practical bear- 
ing, as these solvents aie almost abso- 
lutely insoluble m aqueous liquids. 

In making a pioximate analysis by 
means of immiscible solvents, much of 
the sucoess m practice depends on the 
care and skill with wlndi the manipu- 
lation is conducted. The most con- 
venient apparatus for effecting the 
treatment consists of a pear-shaped 
(fig 1) or cylnidncal (fig 2) glass 
separator, furnished with a tap below 
and a stopper at the top The tube be- 
low the tap should be ground obliquely 
so as to prevent loss of liquid by Eig l. J?ig 2 

imperfect delivery Supposing that it 

he desired to effect the separation of a substance from an aqueous 
■liquid by agitation with ether, the former is mtroduccd into the 
■separator, of which it should not occupy more than one-thud, acid 
or alkali added as may be desned, and next ayolume of ether 
about equal to that of the aqueous liquid, ''the stopper is then 
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inserted and the whole thoioughly shaken together for a minute 
or two, and then set aside As a rule, the contents will readily 
separate into two well-defined layers, the lowei of which is 
aqueous, and the upper etheieal. Sometimes sepaiation into layers 
does not occur readdy, the liquid remaining appaiently homo- 
geneous, forming an emulsion, or assuming a gelatinous consistency. 
In such oases, separation may sometimes be induced by thoioughly 
cooling the contents of the separatoi In the case of ethei, 
the separation may usually bo effected by adding an additional 
quantity of ether and re-agitatmg, or, when the employment of 
a sufficient excess of ether is inconvenient or impracticable, the 
addition of a fow diops of alcohol, followed by a gentle rotatory 
motion of the liquid, will almost invariably cause separation to 
occur promptly 

The tendency to form an obstinate emulsion is greatest when 
the aqueous liquid is alkaline, and is often very troublesome 
when chloroform, benzene, or petroleum-ether is substituted for 
ether In such cases, the employment of a larger quantity of 
the solvent sometimes causes separation, but, when admissible, 
a bettei plan is the addition of ether This answers very 
successfully for the isolation of stiyohnme, which is nearly 
insoluble m unmixed ether, but readily soluble in a mix- 
ture of equal measures of ether and chlorofoim This solvent 
fsTTieavier than water, and is capable of very extensive appli- 
cation 

Sepaiation having taken place, the aqueous layei should bo 
run off by the tap into another separator, where it can again 
be agitated with ethei to insure the complete removal of the 
body to be dissolved thereiu. The ethereal liquid remaining m 
the fust sepai ator should be shaken with a fresh quantity of 
alkalised or acidulated water, which is then tapped off as before, 
and the remaining traces removed by ti eating the ether with a 
little pure water. This having m turn been run off to the 
last drop, the ethereal solution can next be removed by the tap, 
but a pieferable plan is to pour it off from the mouth of the 
separator, taking care to avoid the draining of any drops of 
aqueous liquid from the sides of the glass 

When amylie alcohol, benzene, or petroleum ether is employed, 
the manipulation ib the same as that just described , but when 
chloroform is used, or a mixture containing a considerable pro- 
poition of that solvent, the aqueous liquid forms the upper 
stratum, and the chloioformic solution can at once be removed 
by the tap. 

When the volume of fluid treated with the immiscible soh unt 
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is very small, the syunge pipette shown in fig 3 may he con- 
veniently substituted for a tapped separator It is readily con- 
structed by drawing out a test-tube, so as to form a narrow 
prolongation, the orifice of which should be turned up so as 
not to disturb the liquid m 
which it is immersed, A 
narrow test-tube fashioned 
into a handle at the upper 
part serves as a piston, a 
short length of lndia-mhhcr 
tubing uniting it to the outei 
tube, while allowing of ea6y 
movement both in a vertical 
and a horizontal direction 
Another convenient form 
of separator, devised by IV 
Ohattaway, is shown m 
fig 4 It is practically a 
small wash - bottle fitting, 
winch is adjusted to the 
tube or cylinder contamnig 
the layers of liquid it is 
desired to separate. It is 
so arranged that the exit- 
tube (B) can he adjusted m 
height by sliding it through 
the india-rubber collar C, so as to bring the turned-up end just 
above the junction of the two 'layeis On then blowing through 
the side-tube (A), the upper stratum is forced up the mner tube, 
and scan be removed, almost to the last drop, without disturbing 
I the lower layer, 

The following table shows the behaviour of various classes of 
organic substances when shaken in acidulated or alkahsod solution 
with unmiscible solvents, such as ether, chloroform, amylic alcohol, 
benzene, and petroleum ether It must not be supposed, how- 
ever, that the immiscible solvents can he employed indifferently, 
as some of the bodies are readily removed by certain solvents, 
but are unaffected by others owing to then hunted solubility 
therein Tins is especially the case with the alkaloids and 
glucosides, and hence the table must merely he regarded as 
showing their general tendency, then special behaviour with 
the different solvents being deferred for fuller description latei 
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Table showing the behaviour of Organic Substances with 
Immiscible Solvents 


On agitating the substance with water acidulated with sulphuric aotd, cud a suitable 
solvent immiscible therewith (such ns ether, chlorofouu, amylio alcohol, benzene, 
or petroleum ether), the following distribution will occur — 


The Immiscible LAYER Will contain 
hijdi ooai bo nSj oils, various acute, rmns, 
colon} iwj mattei*, phenols, glitcosules, 

, which may be further aenmated by 
agitating the liquid with 
taming caustic soga, wlion thole will be 
obtain oil — 

1 Tub AonmiAMD aqueous Liquid will 

1 contain uvhohyduitei, soluble alkaloids 
and acids, organic bases, jn otcids, <Sso , 
which may he further separated by add- 
ins ’ ‘ ’ ’ 'ill'll 

I^TUE^IMMISOIBPS 

Solid Uyihncaibans, 
as painflln, naph- 
thalune, atitlua 

Liquid Hydioour 
bom, nspsttoleum 
pioduots.roam oil, 

Evenltat Oils, as 
tiupantmo 

Ellin - compounds , 

Ethel c <ml then 
Allies, as ethei, 
chloroform, etlve- 

glyoorin 

Fixed Oils, Fats, and 

Neutral Resins and 

Campimi, ns laurel 
campkui , bomeol, 
menthol 

Aieo/utlslnsolnblooi 
nearly insoluble in 
water, ns amyl 
and cotyl alcohols, 
oholesterlu 

Certain tbhicoslies, 
do , as saponin, 
dlgltnlin, santonin 

Certain Weak Alka- 
loids, as caffeine, 
colohiclne, unreo- 
tlno, pipeline, tbeo ’ 

In the Aekaune 

AQUEOUS LIQUID— 

Fatty Aovls, ns 
stearic, oleic, 

Various other Acids, 
as benzoic, saii- 
oyllu, phthalio, 

Acid Eyes and Col 
ounivj Matters, 
as iiierio and ulirj 

fttlzniin, nmlm 
bliluihln 

Acid Resins , ns 

JVienoLidsf as cm- 
holla and orosyllo 
acids, thymol, 

(S» lam Glitoosides, 
Ac , as santonin, 
cantbarlain, plain 
toxin 

IN THE IltSHSOIBLB 
' LATOl— 

/Inst Vegetable Alba 
buds . as quinine, 
atryohniue, acoui 
ttuo, ntropiuc, 
ntootlno (olnoho- 
ulue, moiphhia , 
the last two wltti 
difficulty). 

Coal-Tar Bam, as 

hoinologues (ics- 
imltne), cluyso- 
toluidme <pyrl- 
dluo), hoinologues 
of pyridine 

• 

In the Atiapnra 
Aqueous Liquid- 

Garbohyihalm, ns 
sugars, gums, 

Soluble Alcohols, as 
methyl alcohol, 
etli^l aleahol, gly- 

Solnblo Acids, ns 
acetic, oxalic, lao- 
tie, malic, tartaric, 

CeitamAlkaloidaand 
Oigaiuc Bam, as 
ciitorlno, cytisine, 
musoiiie, urea, 
gljoeolue, sola- 
mi s nr.il pi <hi 
olnolionlnc, mor 
gMno aud pyri- 

Ceitain Coleys mg 
Mattel's, a3kuligo- 
pwrtiicta 

RrWei de and their 
Adieu, as albumin, 

i 


The foregoing tablo rneiely exhibits the general behaviour of 
the alkaloids and other plant-principles on agitating their solutions 
with uumisciblc solvents. G Grageudorff, however, has elaborated 
the following scheme for systematic treatment by immiscible 
solvents The statements are made on Ins authority, and m 
some cases (rg, the alleged lemoval of cinchonine from acid 
solutions by chloroform) aie of questionable accuracy 
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SEPARATION BY IMMISCIBLE SOLVENTS 


It is evident that the method of Dragendoiff, let forth m the 
foregoing table, effects some very impOitant differentiations , hut 
for many purposes the piocess may be simplified with advantage 
Thus, for instance, if the directions of Diagendorff he adhered to, 
the aqueous solution will be treated at least seven tunes (and 
possibly twice as many) with immiscible solvents before the 
extraction of xnoiphine with amylic alcohol is attempted, As 
morphine is not wholly insoluble m the solvents pieviously used, 
small quantities, such as are geneially met with m toxicological 
inquiries, are liable to escape detection Again, agitation of the 
acidulated liquid with petroleum-ether removes hut few active 
principles, though it is often useful for piuifymg the liquid from 
colouring matters, traces of resins, and fatty acids precipitated on 
acidulating, &c The subsequent treatments with benzene' may 
often be omitted, as the bodies thereby extracted are also dissolved 
by chlorofoim They consist of glucosides and other neutral 
and feebly acid principles, with a few alkaloids of feeble basic 
character The treatment with petroleum-ether m ammomacal 
solution is chiefly of service for the isolation of the volatile bases 
(conine, nicotine, sparteine, &c ), and m their absence may often 
be advantageously omitted In fact, the three extractions m 
ammomacal solution by petioleum-ethev, benzene, and chloroform 
may m many eases be replaced by treatment with chloroform, 
alone, or a mixtuie of ether and chloroform, which last menstruum 
possesses the great advantage of sepaiating leadily from alkaline 
liquids 

! The alkaloids and other principles having been sepaiated into 
i groups by Diagendorff s method, the various solutions may be 
1 caiefully evaporated and the residues examined for the substances 
supposed to be present The special tests suitable for this puipose 
' are described m the sequel . 

A " J Lu’ ■* xti acting alkaloids is that of Claus, 

w h° ' ■ foi the estimation of caffeine'' lrftoa, 

and of quinine in bark, but it is capable of many other' applica- 
tions In assaying tea, the powder ed lea ves aie dried and 
extracted with ether, the solvent dissolved off, and the' residue 
extracted with sulphqpc acul The acid liquid is filtered, mixed 
with excess of ignited magnesia, evaporated to dryneaa_aLlOO°, 
and the residue pnlvensed and extracted with boiling ether. For 
the extraction of quinine,' the powdered bark is exhausted by 
water acidulated with sulphuric acid, the solution evaporated with 
excess of magheeia, and the diy residue exhausted with ether 

A L 0 B (Year-Budk Pharm, 1880, page 60) treats the 
crude and concentrated alkaloidal solution obtained by suitable 
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means with three measures of a cold saturated solution of alum, 
and then adds_a slight excess of ammonia The liquid containing 
the precipitate is evapoiated to dryness at 100°, and the powdered 
residue exhausted with a suitable solvent On evaporating the 
solution, the alkaloid is obtained m colourless ash-free crystals, 
Loesch quotes the following results, as compared with those 
yielded by Claus’ magnesia method, and titration by Mayer’s 
solution (page 140) : — 




Percentage of Alkaloid Extracted 

j 

Claus 

Mayer 

Loescli 

Cinchona bark (yellow), 

Cinchona bark (red), 

Cinchona bark (brown), 
Hyoacyamua leaves, 

Belladonna leaves, 
Belladonna roots, 
Ipeoacuanha root, 

1 Um.lionidtno, 
i qnlntue, 
l otudionldine, 

{ cinolionidine, ’ 

3175 

0 260 

0 500 

0 050 
2-976 
0145 

0 226 

0 826 

0 800 

0 896 

2 670 

0 175 
1006 

0 396 

0 800 

2 800 

0 100 

0 226 

0 475 

0 220 

8 250 

0 285 
1235 

0 526 
0-975 

8 075 

0 286 

0 286 

0126 


J U Lloyd (Pharm. Jow., [3], xxi 1144) recommends 
for the aiTsay~oFa)kaloidal extracts the addition of ferncchloride 
solution, and then sufficient solid sodium bicarbonate to convert 
the whole into a paste. This is treated'ih aTporcelaui mortar with 
chloroform, which is poured off and the treatment twice repeated 
The alkaloid is then shaken out from its chloroform solution with 
dilute acid, tho latter liquid agitated with ether to remove chloro- 
phyll, &c, and the alkaloid again liberated and extiaoted by a 
suitable solvent. 

If a , ~ J 7 7 ‘ ' 7 ' e present it will generally be evident 

by its ” point of the operation it is liberated 

from its combination by an alkali Should its presence be 
thus detected or suspected, it may be conveniently isolated by 
adding excess of lrme or baryta, and distilhng the liquid. The 
alkaloid can be fixed m the distillate by adding a slight excess 
of hydrochloric acid, and after concentrating the liquid to a small 
bulk may be liberated by adding a large excess of caustic alkali, 
and extracted by agitation with ether (compare page 170) 

The alkaloids having been obtained in a state of approximate 
purity by one of the foregoing methods, they may be furthei 
treated according tp one of the following i>nnciples, which may 
be applied in many cases at an early stage of the process 
VOL. in. PART II. L 
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PURIFICATION OF ALKALOIDS 


a. Fatly and resinous matters and chlorophyll may be removed 
by agitating the acidulated solution of tlio alkaloid with petioleum 
spirit or ether (Pipeline and some glucosides are also extiaoted.) 

b Gdlounng matteis may be removed by agitating the solution 
with a small quantity of animal charcoal, 1 but this agent must be 
used very sparingly, or the alkaloid may he wholly removed fiom 
solution. The alkaloid thus taken up may be recovered by boil- 
ing the chaieoal with alcohol The absorption of alkaloids by 
charcoal has been employed for their removal from beer and 
smidar liquids 

c Many colourin'! matteis, and tannic and various othei organic 
acids, may he lemoved by treating the neutral solution with lead 
acetate, and filtenng 

d. Fiona sugais, gums, salts, and eat) active matteis generally, 
the great majority of the alkaloids can bo separated by adding 
ammonia, and agitating the solution with chloroform or a mixture 
of oSIorofoim and othei On separating the chlorofoun from the 
aqueous liquid, which retains the sugai, gum and salts, and 
agitating it with dilute sulphuric acid, the alkaloid passes into 
the acid liquid, while colouring matteis, fats, resms, &c , remain 
in the chloroform 

e The alkaloid may be precipitated with iodised potassium 
iodide, Mayer’s leagent, aunc chloride, or platimc chloride, the 
precipitate being punfied by recrystalhsation from water, alcohol, 
or other suitable solvent, and recovered by appropriate means 
By a judicious application of the above punoiples it is generally 
an easy matter to isolate alkaloids in a nearly puie condition, or 
at any rate in such a state as to allow of the special tests 
being successfully applied. H B P a r s o n s’ systematic scheme 
for the proximate analysis of plants detailed “m'Vol I, page 365 
et seq will also be of service in the isolation of alkaloids 

A good example of the separation of alkaloids from woody 
fibre anil tannin matters is furnished by the processes for the 
assay of cinchona barks; the separation of alkaloids from 
resinous, gummy, and colouring matters is exemplified in the 
methods for the assay of opium, while the isolation of 
strychnine in toxicological investigations is a good illustration 
of the methods employed for the separation of alkaloids from 
albuminous, starchy, and fatty matters The last method is of 
tolerably general applicability m toxicological investiga- 
tions, provided that it be remembeied that (1) many alkaloids 
arc' far less stable than strychnine, and hence are apt to bo 

I 1 Made by boiling bone-cliaioonl with liydrochlono acid, filtering, and 
thoroughly washing the insoluble lesiduc of carbon 
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destroyed if the solutions aro evaporated at too high a tempera- 
ture (compare aconitine) , (2) that ceitain alkaloids am extracted 
"by ohlorotornx and amylic alcohol even from then acidulated solu- 
tions , (3) that curaime, cytisine, morphine, and solamne aie neaily 
or quite insoluble in ether oi chloroform, and hence cannot he 
certainly extracted by agitating then alkaline solutions with either 
of these solvents , (4) that, whenevei possible, the chemical tests 
for the isolated alkaloids should be supplemented by physiological 
tests, and (5) that, during the process of putrefaction, certain 
cadaveric alkaloids (“ ptomaines ”) are liable to be formed which 
simulate some of the leactions of the vegetable bases, but are 
distinguishable from them by careful examination. 


CONSTITUTION AND SYNTHESIS OP ALKA- 
LOIDS . 1 


Some of the alkaloids of widely different pioperties present a 
cuiious analogy in their formulae This lesetnblauce in empirical 
composition is merely accidental, as is pioved an many cases by 
the products of decomposition The followmg are some of the 
most striking cases of the kind — 


! Atropine, C 1Y H 23 NO B 

Cocaine, C 17 H 21 N0 4 

Morphine, C 17 H 19 N0 3 

Pipenne, C 17 H 19 1S T 0 3 

f Pseudacomtine,C 30 H 19 N 0 12 
"[ Veratime, C 37 H 63 NO n 


f Colchiome, C 22 H 2B FO a 

{ Naieotine, C 22 H 2J N'0 7 

f Quinine, C 20 H 24 N" 2 O 2 

( Strychnine, C 21 H 21 F 2 0 2 

( Piei aconitine, C 31 H 46 K"0 11 

\ Cevadme, C 32 H 49 NO 0 


The foregoing coincidences have little theoretical value, as no 
real insight into the constitution of the alkaloids can he obtained 
by a consideration of mere empmeal formula 

Some of the most importaut advances m the synthetical pro- 
duction of alkaloids have been due to a study of the pioducts 
obtained by hydiogenatmg pyndine and its allies, assisted by 
a better recognition of the relationship of these bases to each 
other, and to benzene and other hydiocarbons . Thus, tlie bases 
pyridine, quinoline, and acridine form a series lelated to each 
other exactly m the same way as the hydrocarbons benzene, 
naphthalene, and anthracene aie related (page 39) The stability 


1 Much of tlio mfoimation contained in tlio tost is derived fiom a lectnre 
by S. P, Sadtlei (P/mwui Join., [8], xx 644), and from the address of 
A B Piescotttothe Chemical Section of the American Association for 
the Advancement of Science ( Pharm . Jam,, [8], xvui. 620, 641). 
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and the behaviour towards reagents of the corresponding derivatives 
ot benzene and pyndme are exactly analogous, as also is their 
behaviour on reduction Just as from benzene hexahydrobenzene 
can be obtained, so from pyndme hexahydropyndme may be 
prepared, but far more readily Similarly from naphthalene and 
quinoline, tetrahydro-additive-products are obtainable, while from 
anthracene and ■ acndine, respectively, dihydro-anthracene and 
dihydro-acridme (page 125) have been obtained 

Of these hydro-addition-products, one of the best-studied is 
hexahydropyndme, C B H U N, which is identical with the 
volatile base piperidine, obtainable from pipenne, C 18 H 1S N0 8 , the 
alkaloid of popper, by distillation with alkali, by the action of 
reducing agents on pyridine, C 5 H 6 N, or by heating the hydro- 
chloride of p en tame thy lene-dia min e, C B H 10 (NH 2 ) 2 (page 
106) 

Another natural plant-base which has been inyepared synthetically, 
and the nature and derivation of whicur'are clearly understood, 
is canine, C 8 H l7 N, the volatile poisonous alkaloid of hemlock 
Comne is the dextro-rotatory variety of a-normal-propy 1- 
p iperi dm e, C 6 H 10 (C a H 7 )N. Ho prepare it synthetically, py ri- 
dine is first converted into a-allyl-pipondme, C 5 H 4 N(C g H 6 ), 
which is then reduced in alcoholic solution by means of sodium. 
In this reaction, the chief product is the optically inactive a-nor- 
m’al-propyl-piperidme, which is separated by crystallisa- 
tion of the tartrate into ordinary comne (deJctro-comne), and a 
lsevo-rotatory comne which closely resembles the other modifica- 
tion 1 

The optically inactive comne can also be prepared from c o n y- 
r i n e, or a-normal -piopyl-pipendine, by treatment with hydnodic 
acid, or from conhydrine, C 18 H 17 NO, an oxy-denvative occurrnig 
with comne m hemlock A W Hofmann has described three 
isomeric bases, called a-, /3-, and y-comceine, having the formula 
CgHi^N, and 1 T "i < by H 2 . These bases 

have a mousy , ■> . . . a and y modifications 

are more powe I ■ (see page 174). 

Nicotine, C 10 U u iS 2 , me vuiatne aixaioia of tobacco, is another 
base related to pyndme, and the synthesis of which has been at 
least partially effected ’ Thus the two known dipyridyls, 
C 10 H 8 N 2 , are the para- and Jweta-modifications On rednotion, 
these yield the corresponding hexahydro-dipyridyls, 
C 1O H 8 (H 0 )N 2 , which are bases called respectively isonicotine 

1 These two bases baar the same relation to eaoh other, and. to the inactive 
modification that dextio- and lcevo-tmtanc acids bear to racemic acid. 
Exactly’ analogous ethy l-pijjeridmes have been prepaied, 
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and nicotidme, isomeric with, nicotine. On tieatment with 
oxidising agents nicotine yields nicotinic or /3-pyridme- 
carboxylio acid, C^H^.COOH, 1 a reaction which shows the 
close relationship of nicotine to the homologues of pyridine 

Atropine, C 1V H 23 N0 3 , is another plant-hase of which the 
relationship to pyridine has been very clearly established. Thus 
when boiled with alkalies atropine is hydrolysed into tro- 
pme, C 8 II 1 b NO, and tiopic acid, O 9 H 10 O 3 , while hyoseme, 
base isomeric with atiopme, is similaily split up into tropic 
acid and pseudotr opine Tropme has the constitution 
of a hydroxyethyl-methyl-totrahydropyridin e, 
C 6 H r (C 2 H 4 OH)(CH g )hT On boiling with acids it loses the 
elements of water and is converted into tropidme, a liquid base 
with a comne-like odour, and has been synthesised by Ladenburg 
by introducing a methyl and hydioxyethyl atom into tetrakydro- 
pyridme Tropio acid and tropme reunite to form atropine when 
their solutions m dilute hydrochloric acid are mixed and evapor- 
ated. By substituting other aromatic acids for tropic acid a great 
variety of bodies can be obtained, which are gencrically termed 
tropemes, and one of which, the mandelic acid derivative or 
homatr opine, has proved physiologically important 

The pyndme-carboxylic acids (page 110), and their analogues 
and derivatives, have shown some unexpected relationships to the 
natural plant-bases The ^-pyridine-carboxylic acid 
(nicotinic acid) results from the oxidation of nicotine and pilo- 
carpine Chnchomeronicacid (a-pyndine-dicarhoxylio acid) 
is produced by the oxidation of cinchonine, cmchonidme, and. 
quinine. One of the pyridine-tricarboxylic acids is 
produced by the oxidation of the cinchona-bases and papaverine 
with peimanganate, while a second results from the oxidation of 
berberme by mtnc acid. The pyndme-caiboxyhc acids also furnish 
additive-products analogous to the betaine of beet-juice,and closely 
related to the natural alkaloids The synthetically produced betaine 
of nicotinic or /3-pyridme-carboxylic acid has been shown to be 
identical with the alkaloid of Tngonella ftmuquecum, while the 
betaine of cmchmoeronic acid is identical with apophyllio 
acid, obtamed by tbe oxidation of cotarmne (see nareotme) 

The pyridyl-rosidne, C B H 4 lSr, is capable of replacing an 
atom of hydrogen in the molecule of certain acids, the compounds 
having the same relation to the salts of pyridine that (e.g.) aniline 
acetate has to acetanilide. Filocarpidine, which occurs with pilo- 
1 The same pyridine-carboxylic aoid may be obtained by the aotion ot 
ammonia on conmal'iuio acid, piodaoed by the action of sulphuric acid 
on malic acid. 



166 


CONSTITUTION- OP ALKALOIDS 


carpine mjaporandi leaves, is a /3-pyridine- ct-di methyl- 
ami cl opropiomc acid, having probably the constitution • — 
H(CH g ) 2 C(CH a )C 5 H 4 N.COOH It has been prepared syntheti- 
cally, and from it, by the action of methyl iodide and caustic alkali, 
followed by silver permanganate, pilocmpme itself has been ob- 
tained, and may be regarded as having the following constitution . — 
C 6 H 4 NC(CH 8 )N(CH 3 ) 3 

CO-O 


The action of ammonia upon certain acids found m the vegetable 
kingdom has been found to produce bodies related to pyridine 
Thus coma n ic acid, C 9 H t 0 4 , derived from rnecomc acid, is 
changed by ammonia into an oxypicolimc acid, while c o m e n i c 
acid, C 0 H 4 O 6 , from the same source, yields a dioxypicolimc acid, 
comenamic a c i d, C 0 H 6 lTO 4 Similarly chelidomc acid, 
C 7 H 4 0(j, which accompanies the alkaloids ehelidonme and nan- 
guinarme m Ghelidonium, majus, yields an oxypyridine- 
caxboxylic acid on treatment with ammonia. 

Colchicine is another alkaloid the constitution of which is fairly 
well known Fiom its reactions ahd the products of its decomposi- 
tion, it is evidently the methyl-ester of a c e t y 1- 1 r ini ethyl- 
colchicinic acid, (O.CH s ) 3 C 16 H 0 (NH C 2 H s O) OO.OCH 3 
Bcgonine has the constitution of a methyltetrahydropyridyl- 
hydroxypropionic acid, C 6 H 6 MeN CH(OH) CH 2 GO0H It results, 
together with methyl alcohol and benzoic acid, from the decom- 
position of cocaine by alkalies Cocaine may be made synthetically 
by heating ecgomne with benzoic anhydride and methyl iodide, 
and has the following constitution — 

C 5 H 6 (CHg)N CH(0 C 7 H 6 0).CH 2 COO(CH s ). 

A series of analogous artificial alkaloids have been prepared by 
combining ecgonme with other acids besides benzoic 

The constitution of the aconite bases is partially known, for 
they split under the influence of hydrolysing agents into simpler 
bases and acids of the aromatic senes , aconitine, picracouitine, 
and japaeomtme yielding benzoic acid, C 6 H 6 COOH, while 
pseudncomtme gives veratric or dimethyl-protocate- 
chiuc acid, C a II 3 (OCHg) 2 COOH The psendaeonine, 
simultaneously produced in the last case, foims a dia- 
cetyl-denvative, and hence probably contains two hydroxyl groups. 

Veratric acid is also produced, together with v e r 1 n e, CggH^NOg, 
by the saponification of veratune, while the accompanying base^ 
cevadine, C 32 H 40 NO 9 , is converted on hydrolysis into cevine' 
C 27 II 1 s N 0 8) and me thy 1-cro tonic acid, C 8 H 4 (CHg),COOH:. 
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Smapine, CjgH^N 0 B , an alkaloid the thiocyanate of which 
exists m white mustard seed, is split by boiling with baryta- 
water into smapic acid, C u H 12 O b , and eholme, C 16 IT 15 hr0 2 , 
a base which is contained m bile and other animal products, 
as well as m hops and certain other plants. Choline has itself 
been obtained synthetically, and has the constitution of a 
hydrox ye thy 1-trimethy 1-ammonium hydroxide, 
<C 2 H 4 OH)(CH 3 ) 3 lSrOH. 

Theobromine , CgH^CH^gl^Og, the alkaloid of cocoa, and 
caffeine, C 6 H(CH 3 ) 3 N 4 0 z , the alkaloid of tea and coffee, are 
respectively the dimethyl and trimethyl derivatives 
of xanthine, C 5 H 4 N 4 0 2 , a body occasionally occurring in unnavy 
calouli and produced by the action of nitrous acid on guanine, 
CgHflUjO (contained m guano), or by treating uric acid, 
C 6 H 4 N 4 O s , with sodium amalgam. 

Lupimne, an alkaloid found m seeds of Lupmus luteus, has the 
formula C 21 H 38 N 3 (OH) 2 . Arginine, C 8 H I4 hT 4 0 2 , fiom the same 
source (page 178) yields urea when boiled with baryta water. 

The mannei m which the oxygen of the natuial alkaloids exists 
is in most cases but little understood. Moiphine, C 17 H 19 NO a , 
appears, howevei, to have a ptienolic character, and contains two 
hydroxyl atoms replaceable by acetyl or benzoyl. Codeine is a 
substituted morphine m which one of the hydroxyl atoms is 
replaced bymethoxyl, OCH s , and has been obtamed syntheti- 
cally by heating moiphine with methyl iodide. By similar means 
the second hydioxyl atom can he replaced by methoxyl with 
formation of methocodeine Thebaine differs from methoeodeme 
by two atoms of hydrogen, thus . — 


Morphine, . 

. . c 17 h 17 no - 

Codeine, 

. c 17 h 17 no 

Methoeodeme, 

. . c 17 h 17 no 

Thebaine, 

. . c 17 h u no 


(OH 
j OH 
j OH 
l 0(CH 3 ) 
( 0(CH s ) 
t 0(CH g ) 
( 0(CH 8 ) 
1 0(CH 3 ) 


When distilled with zinc-dust, morphine yields phenanthrene 
C U H 10 , and pyridine, C r ,H s H 

Narcotme, C^H^NOj, is saponified under ceitam conditions 
with formation of me coni n, C^H^Og, and cotar nine, 
Ci 2 H lg !NO s , and the latter body when treated with bromine 
yields dibrom pyridine, C 6 H 3 Br 2 hT Cotanime probably con- 
tams its oxygen in the forms of CO.OCH g and OCH 8 On oxida- 
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toon it yields apophyllic acid, a body which, when heated 
under pressure with hydrochloric acid, behaves like the methyl- 
ester of cinchomeronic acid . — 

W { c8 gf 0Hl )+HCl=CH,a+C,H,H { “ ™ 

ApophylUo add Methyl chloride Cmchomeronlo aotd 

Papaverine, C 20 H 21 NO 4 , is another opium base, the constitution 
of which is probably . — (OCHg^CgHjN CH 2 .C 6 H s (OCH 8 ) 2 . 

Brucine ; C 28 H 30 N 2 O 4 , when fused with caustic potash yields 
homologues of pyridine, while strychnine, C^H^NjOj, yields 
quinoline and indole, C g H 7 N 

Qumme, O^H^NjjO, when fused with caustic potash yields 
methoxy-qumoline, C 9 H 0 (O.GH a )hr. When subjected to 
careful oxidation with permanganate or weak chiomic acid mixture 
it at first yields formic acid, CH 2 0 2 , and a weak base called 
quitenme, C l9 H 22 N 2 0 4 . Further oxidation produces three 
bases, to which Skraup attributes the formulae C lg H 18 N0 2 , 
C 8 H 17 N0 2 , and C 0 H 7 NO. The first of these has been little 
studied, the second has been named cmcholeupone, C 9 H 17 N 0 2 , 
and the third appears to be identical with kynurine, a base 
obtained by heating kynurenic acid, a constituent of dog’s urine. 
Besides these bases there are produced cmoholeuponic 
acid, CgHjgbrOjj 1 quininic acid, C 9 H 6 (O.CH g )N COOH ; 
then a pyridine-tricarboxylic acid, C 6 H 2 N(CO.OH) g , 
and finally the pyridme-dicarboxylio acid known as oinoho- 
meromc acid, C b H s jST(GO OH) 2 . Quimdine and quinicim 
yield the same products as quinine Cinchonine, C 1D H 22 N 2 0, 
when similarly subjected to limited oxidation, yields formic acid 
and cmchotenine, C 18 H 20 N 2 O 31 as first products; the latter 
by further treatment yields cmcholeupone, C 9 H l7 N0 2 , and this 
oxidises to oinchonmic acid, and cincho- 

leubonic acid, C 8 H lg N0 4 , the final pioducts being o in- 
ch on ic acid, C 5 H 4 N COOH (which is a pyiidine-carboxylio 
acid), and cinchomeronic acid (see above) Cinchomdine 
and cmchomcine appear to yield the same products, 

The conclusion derivable from the researches on the constitution 
of the cinchona bases is that both quinine and cinchonine are 
derivatives of a hydro-diquinohne, of which probably only one side 
is hydrogenated. The same unreduced quinolin e-residue is common 
to both alkaloids, with the difference that, while m cinchonine 
1 Cmcholauponic acid probably hag the constitution of a in a thy 1-p I peri- 
dine-dicarboxylio aoid — . 

uw f OIL CH, CH, 1 


[).OH(COOH). 
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the residue is quinoline itself, m quinine it is a metho\y- 
quinoline. The following formulae illustrate these deductions .— 
Quinoline, . C 9 H 7 N 

Hydroxyqumoline, . G B H 8 (OH)hT 
Tetrahydroqumoline, C 9 H 10 N H 
Diquinohne, . . C 9 H 7 N.C fl H y N' 

Diqumolylme, C D H 10 N.C 0 K 10 N 

Cinehonine, . . C Q H 7 N C 9 H 11 (OH)N CH S 

Quinine, . . C„H 8 (0 0 9 S u (OH)N 0H 8 

Other of the cinchona bases which are known to contain 
hydroxyl groups are qmnamine, G^E^S z O{OE), and aupmne, 
C 19 H, 0 N 2 (OH) 2 The latter alkaloid, Which is found m Cuprea 
or Eemijia bark, has recently been converted mto quinine by 
heating it to 100°, under pressure, with metallic sodium and a 
solution of methyl chloride in methyl alcohol (Grimaux and 
Arnold, Comp Rend., cxu 774). 

Although the knowledge of the constitution of the cinchona bases 
is not yet sufficiently perfect to illow of their formation from 
pyridine or quinoline, it' is interesting to note that two distinct basic 
substances isomeric with quinine have been prepared synthetically. 
One of these, discovered by 0. A K o h n ( Jour Soc Chem Ind , 
vm. 969), has the constitution of an a-l'-hydroxy-hydro- 
ethylene-qumolme, 

C 9 H 10 (OH)N.C 9 H 4 .N C 9 H 10 (OH). 

It was obtained by the action of one molecule of ethylene di- 
bromide on two molecules of a-l'-hydroxyhydroqumoline, obtained 
by reducing hydroxy-qumoline by tin and hydrochloric acid. It is 
a weak base, forming small glittering prisms which melt at 233°, 
and are readily soluble in chloroform and benzene, with difficulty 
m hot alcohol, and insoluble in water It has weak antipyretic 
characters 

The other synthetical isomer of quinine has been prepared by 
Wallach and Otto ( Amalen, ccliii 261) by the reaction of 
/3-naphthylamine on pinol mtrosoohloride. — 

C 10 H 7 NH 3 + C 10 H lfl O.NOCl = HC1 + 

The product is a basic crystalline substance, melting at 194°— 
196°, insoluble in water, slightly soluble in hot alcohol, and 
readily soluble in ether The solutions, both of the base and 
its salts, are strongly fluorescent 

Besides the natural plant-bases, a number of bases have been 
synthetically prepared which have every claim of analogy and 
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character to be ranked -with the alkaloids. As instances of these 
may be mentioned antipynne, C u H 12 N 3 0 (page 32), thalhne, 
C 10 H l8 NO (page 120), and fmfwnne, C 15 H 12 N 2 0 8 

V. Meyer has suggested that the formation of the bases and 
other mtrogeniBed constituents of plants may be due m some 
cases to the action of hydioxylamine on aldehydie bodies 

It is a curious fact that while the plant-bases and other natural 
products not unfrequently contain one or more methyl-groups, 
the ethyl-radical is not met with. 


VOLATILE BASES OE VEGETABLE ORIGIN. 

Certain plants contain bases winch differ fiom the ordinary 
vegetable alkaloids, m being volatile, liquid at ordinary or only 
slightly raised temperatures, and m containing no oxygen While 
resembling each other in the above respects, the volatile bases 
present little further lesemblance. 

The volatile alkaloids are not numeious, being hunted to the 
following bodies, anil a few others which have been but imper- 
fectly investigated. 


a. Methylamine and J'nmethylamine, already described (pages 
2 , 12 ), 

ft Oonine and the associated alkaloids of h e m 1 o o k. 

c. Luptmne and certain other alkaloids of lupines. 

d. Nicotine, the volatile alkaloid of t o h a c c o. 

& Pitw me, the volatile alkaloid of p 1 1 u r l, 

/. Lobehne, the alkaloid of lobelia. 

g. Spat teme, the alkaloid contained in hr o o m. 
h Spigelme, an alkaloid m Spigelia Manjlandica. 


Pipendme, a volatile alkaloid said to exist naturally m pepper 
as a decomposition-product of piper in e, has alieady been 
described (page 106) 

For the -"--I- • ■' ' c o n i n e in hemlock, 

and m co tu I \ s >ur Amer Cham Son.) 

recommends that a weighed quantity of the substance should be 
honed m water acidulated with hydrochloric acid, the residue 
pressed and washed with water. The solution and washings aie 
evapoiated to one-fourth, and then distilled with slaked lime 
(using a good condenser) When the liquid passing over is no 
longer alkahne to litmus, the distillate is exactly neutralised with 
sulphuric acid, evaporated to diyness at 100°, and the powdered 
residue exhausted with rectified spirit, which leaves the ammonium 
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sulphate undissolved, while the sulphate of comae (and otb.er 
alkaloids) pass into the solution The filtered liquid is evaporated 
to dryness and the residue shaken thiee tunes with caustic potash 
solution and ether, the ethereal liquid separated and shaken with 
a known volume of standard sulphuric acid, the ether distilled 
off or separated, and the excess of sulphuric acid determined by 
titration. By this process, L o e s c h found 5 25 per cent of 
nicotine in tobacco leaves, and 0 06 per cent of comne in the 
common hemlock plant. 

Conine . 1 Comme. Coma. Coniome 

C 8 H 17 N, C 6 H 10 (O s H 7 )N, 01 CH 2 {^CH(C 3 H,)} nh 

This base has the constitution of on a-normal-propyl- 
pipeiidme (see page 164) 

Conine is the characteristic poisonous alkaloid of hemlock, 
Gomum maculatum. It occurs m all parts of the plant, m 
combination with organio acids, and in association with the 
following allied basos — 


Ease 

Foimnla. 

A? 

1> 

31 

g? 

II 

Speoiflo 

Gravity 

Ethyl piperidine, 

C,H W N. or OeHsCCjEWNH 


142-145 

{2=0 6674 

Ootune (Normal-) 
tjropyl-plperl- £ 

C s Hi 7 N, or CjHs(C s H 7 )NH 


167-170 

{| =0’8025 

Methyl-conlne, 

CbH m N , or OsKbCOsH^NCOHs) 


... 


Conhydrine, 

C 8 fi 17 N0 , or O b Ho(CHOH CHj OHbJNH 

120 6 

240(226 

|{!|5=0 846 

Pseudo-conhydrine, 

C s H ) 7 NO , or C B H»(CH a CH a OH CH)NH 

100-102 




Conine is an oily liquid, having a peculiar repulsive odour, 

1 Conine has been prepaied synthetically by the reducing action of sodium 
on a boiling alcoholic solution of allyl-pyridme, C 0 Hi(C J H c )K' ) itself 
obtained from a-picohne and paialdehyde. The artificial base thus prepared 
is identical in all its properties with the natmal alkaloid, except that it is 
optically inactive But on introducing a crystal of the hitartrate of the 
natural alkaloid mto a very concentrated solution of the hitartrate of the 
inactive bases, a gradual separation of the hitartrate of active comne occurs, 
the free base from which exhibits the same optical activity as natmal comne 
The mother-liquid contains a lssvo rotatory isomeric base (Ladenburg, 
JBer,, xix. 2578) 
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0 1 h y 1 a 1 k i n e, C S H 0 (CHOII CH 2 CII 8 )NH. It presents a close 
resemblance tu tr opine, C 8 H 1B NO, both in composition and 
chemical behavioui, a fact -winch suggested to A. W Hofmann 
the probability that it was the product of the hydrolysis of a base 
allied to ati opine From the alkaline liquid left after the distillation 
of comne and conhydrine, Hofmann obtained, by acidulation and 
extraction with ether, caffeic acid, C 8 H g 0 4 , a body having the 
constitution of a diliydroxy-cinnamic acid. 

Conhydrine may be separated from commercial comne, m which 
it is not nnfrequently present, by cooling the liquid down to 5° C., 
filtering through glass wool, aud washing the separated crystals of 
conhydrine with petroleum ether, in which it is but sparingly 
soluble Pseudoconhydiine is a base isomeric with con- 
hydiino, hut probably containing hydroxy-isopropyl (Ladenburg, 
Ber, xxiv 1671) Conhydrine forms colourless glittering crystals, 
moderately soluble in water, but very soluble in alcohol and ether 
It does not react with nitrous acid, has an alkaline reaction, and is 
a feeble narcotic poison According to Wertheim, hemlock 
contains only 6 to 6 parts of conhydrine for every 100 of comne 
CoNioniNES, C s H 15 N These bases were obtained by A W. 
Hofmann by the action of oxidising agents on comne, or of 
dehydrating agents on conhydrine When molecular proportions of 
comne hydrobromide and bromine are mixed, the bromo-denva- 
tive, C s H 17 N.HBr Br 2 , is obtained. By the regulated action of 
caustic soda tins yields C 8 H 16 NBr, which by treatment with sul- 
phuiio acid ib decomposed into hydrobromic acid and a -comcevne, 
which is a colourless liquid of '893 specific gravity at 15°, boiling 
at 168°, and slightly soluble m water In odour it closely 
resembles comne, but is said to be five or six tunes as poisonous ! 
It is a tertiaiy base of stiong alkaline reaction, and forms crystal- 
isable salts The pici ate forms yellow needles melting at 226°, 
nearly msolnble m cold water, and very slightly soluble m alcohol 
a-coniceme is partially reduced to comne by heating under pressure 
with fuming hydnodic acid and phosphorus y-comceine is 
obtained by decomposing the biomo-denvative C g H 15 NBr by an 
alkali. It is a colourless liquid lightei than water, boiling at 173°, 
distilling with steam, and said to he twelve times as poisonous as 
comne I It is only slightly soluble m water, but the solution is 
stiongly alkaline y-comceme is a secondary base (pages 1, 7) 
yielding ciystalhne, volatile salts with acids, and a characteristic 
double salt with stannic chloride, B 2 H 2 SnCl 0 , which forms large 
crystals f3-eoniceme is obtained together with a-eomeeme by 
the action of phosphonc anhydride or fummg hydrochloric acid 
on conhydrine — C g H 17 NO = C s H lc H +H 2 0. It forms very vola- 
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tile, colourless needles, melts at -11° and boils at 168° It is a 
secondaiy base of comne-like odoui, and is a less active poison than 
the a-modification 

Poisoning by Conine and Hemlock 

Conine is an extremely poweitul paialytic poison, which acts 
on the motor neives , one drop is a distinctly poisonous dose, 
while ten diops may be fatal 

The symptoms produced by hemlock and conine aie not unifoim, 
and eases of poisoning axe not numerous Stupor, coma, and 
slight convulsions have been noticed, while m other cases the chief 
effect has been paialysis of the musculai system, especially of the 
legs The pupils aie somewhat dilated. Aftei death the lungs 
are found filled with fluid blood and of a dark colour, and the 
stomach and intestines somewhat congested. The post-mortem 
appearances aie not characteristic 

In toxicological mquiues the viscera and contents of the stomach 
should he treated as described under strychnine, the purified extract 
being agitated with soda and ether instead of ammonia and chloio- 
form, From the ether, the alkaloid may be recovcied by allow- 
ing the solvent to ovaporate spontaneously m a cool place, or 
extracted as a salt by agitating the ether with dilute hydrochloiie 
acid. From the purified salt of conine thus obtained, the free 
base may be again liberated by adding soda, and recognised by 
the mousy odoui of hemlock developed immediately or on warming 
the liquid. 

Conine may also be isolated from the viscera by the method 
used for the assay of hemlock. Otto m one case met with a 
volatile ptomaine, which was very poisonous, but differed fiom 
conine in its reaction with platmic chloride The seeds of Lujnnus 
Metis (page 177) contain alkaloids somewhat lesembhng comne, 
hut which do not yield the charaetenstie ciystalline hydrochloride 
Othei of the umbelhfeiee besides comum are possessed of poisonous 
properties, but it does not appear that conine lias been proved to be 
the active principle 1 

1 CEnanthe o ocata, or hemlook water-d rop wort, is described by A 
S. Taylor as one of the most vunlont of English vegetable puisons The 
leading symptoms pioduced are lapid insensibility, bloated end livid coun- 
tenance, convulsive movements, stertorous bieathing, dilated pupils, and 
bloody foam about the mouth and iwstmls . 

Oieutunrosa, water-homlock oi eowbane, pioduces symptoms similai 
to the above, including tlio foaming at the mouth It is said to contain 

Slum latifohum and S angubtifoliiim have been mistaken for water crass, 
with fatal results 

JSthusa Cynapium, the lesser hemlock or fool’s parsley, appeals 
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Assay of Hbmlook and its Pbiupabations. 

Comne exists in all parts of the common or spotted hemlock, 
Oomum maaulatum (French, la Qigue, German, der Schiehng) 
It appears to he most abundant m the fruit, the proportion increas- 
ing with the maturity of the seeds. In hemlock leaves, E. K. o r d e s 
found 0 24, and m the fi wit 0 49 per cent of alkaloid 

For the extraction of comne from hemlock, J Schorm 
{Bex, xiv. 1765) recommends that the finib should first he 
swelled by hot water, and then moistened with a strong solution 
of sodium carbonate The product is treated with steam, under a 
pressure of three atmospheres, as long as the distillate has an 
alkaline reaction, when it is neutralised with hydrochloric acid 
and evaporated to a weak syrup, which is shaken with twice its 
measuie of strong alcohol and filtered from the precipitated 
ammonium chloride The filtrate is distilled at 100°, a calculated' 
amount of caustic Boda ley added, and the mixture agitated with 
ether (The residual aqueous liquid developes tnmethylamme op 
prolonged standing, especially in summer ) The ethereal solution 
deposits large crystals of conhydrine when strongly cooled. This 
base is somewhat sparingly soluble in ether, and on distilling the 
solution passes over with the ether. The comne remaining m the 
retort is dehydrated with potassium carbonate, and purified by 
fractional distillation The first 10 per cent, boils between 110° 
and 168° C., and is very impure. The next 60 per cent , boiling 
between 168° and 169°, is pure conme, while the next 20 per 
cent , boiling between 169° and 180°, is impure The thick dark 
liquid left in retort contains conhydrine. 

A puiei product, but somewhat lower yield, is said to be obtained 
by exhausting the hemlock fruit with acetic acid, and evaporatmg 
the solution to a syrup m a vacuum. Magnesia is then added, 
and the mixture agitated with ether, which extracts the alkaloid. 

Many specimens of conium leaves and seed are almost inert from 
the loss of their volatile active constituent, and hence a method of 
assay is of considerable importance, and ought to have a place in 
the Pharmacopoeia. 

For the determination of the conme and associated alkaloids in 
hemlock, R A Cripps {Pham. Jour, [3], xvm. 13, 511) 
recommends the following process • — A weight of 6 grammes of 
the finely-powdered fruit is mixed with an equal weight of sand, 
and extracted with a mixture of 25 cc. of nearly absolute alcohol, 
to oontaan an energetic poison, though this has been disputed by Harley (Si 
Thomas's Hospital Be ports, new series, it. 08 ; x 257), and also by Tanret, 
who behoves the erroneous statements respecting it to have arisen from a con- 
fusion of the plant With Oomum maaulatum , which it olosely f esc rabies. 
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15 co of chloroform, and 10 cc of a saturated solution of dry 
hydrochloric acid gas m chloroform. The liquid is separated from 
the marc 1 and agitated with two separate quantities of 25 c c. of 
distilled water. The aqueous liquid now contains the eonine as 
hydrochloride. It is shaken once with chloroform, then rendered 
alkaline with caustic soda, and extracted three times hy agitation 
with chloroform The chloroform is washed hy agitation with 
alkaline water, and is then run into a solution of hydrochloric acid 
gas in ether. This is evaporated in a current of air, and the 
residue dried at a temperature not exceeding 90° 0. The conme 
hydrochlonda obtained should he crystalline, and almost perfectly 
white From its weight the proportion of conme can be calculated, 
163 5 of the hydrochloride representing 127 0 of the base, If, 
after weighing the residue, the hydrochloric acid be determined by 
titration with silver nitrate, using potassium chromate as an indi- 
cator, the difference will he the weight of alkaloid, and the result 
should closely correspond with that pieviously calculated 

The foregoing process may be shortened hy agitating the washed 
chloroformio solution of the conme as liberated by caustic soda with 
water, and gradually adding decinormal hydrochlono acid until a 
slight acid reaction to methyl-orange is developed, which does not 
disappeai on again shaking. Each c.c of decinormal acid used 
represents 0 0127 gramme of alkaloid, in terms of conme Petro- 
leum spirit may he substituted for the chloroform. 

For the estimation of the alkaloids m Tincture of Conitm, Farr 
and Wright (PAam. Jour, [3], xxi 857) evaporate 50 oo. of 
the preparation to a low bulk at 100° C. with 1 c.o of normal 
sulphuric acid. The residual liquid is diluted somewhat, and 
twice shaken with chloroform. It is then tendered alkaline with 
ammonia, and the liberated alkaloids shaken out with chloroform. 
The chloroformio solution is freed from traces of ammonia by 
agitation with water, separated and run into a solution of dry 
hydrochloric acid gas m chlorofoim, taking care that the orifice 
of the separator dips below the surface of the acid chloroform, 
which is then evaporated, and the residue dried at 90° and 
weighed, as recommended by Cnpps. The proportion of total 
alkaloid contained in the tincture of conme, as assayed hy this 
process, is from 0 07 to 0 10 per cent. The proportion in the 
extract ranges from J to nearly 3 per oent. 

1 Tlie exhaustion should he proved to he complete, hy treating the marc 
with water, and testing the solution with iodine and with Moyer’s solution, 
neither of which should produce more than the faintest turbidity ; and the 
dried marc should give a barely perceptible odour of eonine when warmed with 
caustic soda 

VOL III PART II. M 
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Lupin© Alkaloids. 

From, the different species of 1 u p in e several alkaloids have been 
isolated, some of which, at any rate, belong to the class of volatile 
alkaloids, and m their odour and atlier characters appear to ba 
related to conme. 

Lupintob, C 21 II 40 N„0 2 , or C 21 H 38 N 2 (OH) 2 As isolated by G. 
Baumeit fiom the seeds of Lupmus luteus, lupinme is a readily 
crystallisablo base, melting at 67°‘5-68° 5, and boiling With some 
decomposition at 255'’-261°. In a stream of hydrogen it distils 
umihangedat 255°-257°, andis also volatile with steam. Lupinme 
has a pleasant apple-lilce odour and on extremely bitter taste, 
the latter charactei extending to its salts It has a paralysing 
effect on the neive-centros Lupinme is Issvo-rotatory, easily 
soluble in cold water and alcohol, but less solublo in warm water. 
Fiom its aqueous solution it is separated by excess of caustic alkali 
Lupinme dissolves readily m ether, chloroform, and benzene Car- 
bon disulphide dissolves the base while acting chemically upon it 
Lupinme is highly caustic, and is a strong base, liberating 
ammonia from its salts and fuming with hydrochloric acid B(H01) 2 
forms large rhombic crystals BH 2 PtCl a is crystalline and soluble 
ui water. The auioclilonde, B(HAuCl i ) 2 , forms needles, difficultly 
soluble m watei, but readily in alcohol. The niti ate, ^(ILNOj)^ 
forms rhombic crystals, very soluble m water and alcohol 

Metallic sodium dissolves m melted lupinme with evolution of 
hydrogen, forming a sodium-derivative, decomposed by 
watei into lupinme and sodium hydroxide. When heated with 
acetic onliydude, lupinme yields G 21 H 3g N‘ 2 (C 2 H 8 0) 2 , as an oil, 
insoluble in watei and very easdy saponified 

When lupinme is heated to 1B0°-180° for ten or twelve hours 
with fuming hydiochlouc acid, or the hydiochlonde to 175° with 
phosphoric anhydride, it yields anlujdrolupinme, C 21 H 8g N 2 0, as 
a highly oxidisable fluid base, smelling like comne. J3H 2 PtC] a 
forms red quadratic tables, easily soluble in water and dilute 
alcohoL Diaiihydrol upturns , C 21 H aa N 2 , results when lupinme is 
heated with fuming hydrochlonc acid to 200° C. It is a highly 
oxidisable oil, boiling at 220°, and forming achloroplatmate, 
crystallising m dark red needles Oxylupmme, C 21 H 40 N 2 O 6 , is 
formed, togethoi with anhydrolupinme, by the action of phosphoric 
anhydnde on lupinme hydrochloride. It is a yellowish, disagree- 
able smelling oil, boiling with some decomposition at 215° 

Abuixinb, C„H u N 4 0 2 , is contained m the seeds of L. luteus 
which have germinated m the dark. It forms crystalline salts, 
evolves nitrogen with nitrous acid, and yields urea when boiled 
with baryta-water. 
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Lueiuidine, C a H 16 N, is a hase found by Baumert m tha 
yellow lupine. It foims a volatile, oxidisable, viscous oil, 
having an odour of hemlock. It ia intensely bitter and feebly 
poisonous, producing symptoms like those of cm are Lupinidme 
forms a crystalline hydrate, B,H 2 0, veTy insoluble m water. The 
salts are crystallisable No acetyl-denvative is obtainable 

LtrPANiuB, C 15 H 24 N 2 0, is an alkaloid obtained by M Hagen 
(Liebig’s Annalen, ccxxx 367, Jour Ghem Soc, 1 163) from the 
seeds of the blue lupine, Lupinus angustijolius , which are 
stated not to contain lupinme or lupmidine It is described as a 
pale yellow, honey-like syiup, with green fluorescence, intensely 
bitter taste, and an unpleasant odour like that of hemlock 
Lupanmo does not boil at 290°, oven under the reduced pressure ol 
130 mm It has a strong alkaline reaction, attacks the skm, expels 
ammonia from its salts, and forms with hydrochloric acid white 
fumes of the hydrochloride With excess of cold water, lupanme 
forms a turbid solution, from which the base is almost ontnely separ- 
ated on heating, It dissolves with difficulty m cold alcohol, but 
readily m ether, chloroform, and petroleum spirit Lupanme hydro- 
chloride, BHC1+ 2aq , forms hygroscopic, quadratic crystals, melting 
at 127°, and soluble m alcohol but not m ether. BEL 2 PtCl 0 is not 
distinctly crystalline BHAuC 1 4 forms golden needles, insoluble in 
water, alcohol, or ether From solutions of its salts, lupanme is 
precipitated by caustic potash and soda, but not by ammonia. 

From the seeds of Lupinus albus, 0 a m p a n i isolated a poisonous 
liquid alkaloid, boiling at 210°-218° From the same source 
B e t e 1 li obtained a crystallisable base 

According toO Kellner {Bied Genii , x. 97) lupine seeds 
can be deprived of the whole of their bitter constituents, and 
rendered much more palatable and wholesome, by soaking them 
in water for twenty-four bonis, steaming them for one hour, and 
then washing them for two days Kuhn has shown that the 
substances which cause lupine sickness are destroyed by steaming 

Nicotine. Nicotia C 10 H 14 N 2 , or C 6 HjN CJ 6 H 7 N 
Nicotine has the constitution of ahexahydro-dipyndyl 
(see page 164) It is the poisonous basic principle of tobacco, m 
which it exists oombmed with malic and citric acids (compare page 
184), in proportions varying within very wide limits. 

Pure nicotine is a colourless, oily fluid of 1 011 specific gravity 
at 15° C On prolonged exposure to air it becomes yellow, and 
eventually resmoid It has 1 a sharp caustic taste, is intensely 
poisonous, and has a strong and unpleasant odour, recalling that of 
tobacco Nicotine bods at about 250° C , with partial decom- 
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position, but it distils readily with the vapour of water or alcohol, 
and volatilises to a notable extent at tho ordinary temperature. 
Nicotine absorbs moisture from the air, and evolves heat when 
mixed with water, diminution m volume simultaneously occurring 1 
Skalweit (Bar , xiv 1809) has given the following figures 
showing the specific gravity of mixtures of nicotine and water. 
His results point to the existence of a hydrate of nicotine. 


Nicotine 


SpecifloGmiMy 

100 

0 

1011 

100 

10 

1024 

ioo 

80 

1084 

ioo 

60 

1040 

100 

8 

1088 


Nicotine has a powerful loevo-rotatory action on polarised light, 
the value of S„ in 20 per cent, aqueous solution being, according 
to Pribram, —161 ° 55 The rotation diminishes rapidly but 
irregularly by further dilution. Thus for a 4 per cent solution 
the value S D is ~77° 03, while below this strength an increase is 
observed, S„ being ~79 0, 32 for a solution of 0 8826 specific 
gravity The rotation is affected by time, not reaching its maximum 
for 48 hours (Bo , xx 1840) 

The aqueous solution of nicotine is powerfully alkaline xn reaction. 
Tho nicotine is partially separated by addition of excess of caustic 
potash or soda (compare pyridine) Nicotine in aqueous solution, 
and m the absenoe of other free base) can be determined by 
titration with standard acid and methyl-orange 

Nicotine forms two classes of salts. The monacid salts are 
stable and neutral to litmus and methyl-orange, but the diacid salts 
have an acid reaction. Most of the salts of nicotine crystallise 
with difficulty. The acid taitiate, C 10 H 14 N a (C 4 H 6 O a ) 2 -|-2aq, is 
an exception, and forms handsome tufts when ether is added to its 
alcoholic solution 

Detection and Determination op Nicotine 
Alcohol dissolves nicotine in all proportions, and on evaporating 
1 When water is added to solution of nicotine containing less than 20 per 
cent, of base, tlienuxtme becomes turbid and clears only on long standing. 
On heating to 40° the liquid clears rapidly, lint becomes again turbid when 
cooled or furthei heated to 60°. Between 60° and 80° the turbidity amounts 
to milldness, which disappears when tile liquid is cooled below 60°. At 70* 
the nicotine separates m pait as an oily layer 
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or distilling the solution the alkaloid is found chiefly in the first 
fractions. It is extracted from its aqueous alkaline solutions by 
agitation with etlier, chloroform, benzene, amylic alcohol, or 
petroleum spirit, and may he recovered from the solvent by 
separating and agitating with dilute acids If oxalic acid he 
employed, the resultant solution may he evaporated to dryness and 
treated with alcohol, which dissolves the nicotine oxalate while 
leaving any ammonium oxalate undissolved After again removing 
the alcohol by evaporation, the nicotine may be liberated fiom 
the warm liquid by adding excess of caustic soda, when the 
characteristic tobacco-like smell of nicotine will be observed, and 
the alkaloid can be obtained pure by distilling the liquid with 
water, or agitating it with ether and allowing the separated solvent 
to evaporate spontaneously in a cool place 

Treated with nitric acid, nicotine yields a thick reddish liquid. 
Sulphuric acid produces no change in the cold, hut a brown colour 
is developed on heating. 

On dissolving nicotine m dilute hydiochlonc acid, and adding 
platmic chloride, nicotine cliloioplatinate, C 10 H 14 N 2> H 2 PtCl 0 , is 
thrown down as a sparingly soluble, yellowish, crystalline com- 
pound The precipitate is soluble m hot watei, especially in 
presence of free hydiochlonc acid Addition of alcohol increases 
the delicacy of the test, and the formation of the precipitate is 
much facilitated by stimng the liquid Ammonia gives a similar 
leaction, hut couine yields no precipitate with platunc chloride. 

Picric acid, if added in excess to solution of nicotine, throws 
down ,v ‘■cotine picrate as an amorphous yellow precipitate, which 
rapir changes to a mass of crystalline tufts, even m presence of 
forf jrgamc matter. 

June is precipitated by Mayer’s reagent (page 138) fiom 
vs lute solutions ; and, by operating m strongly acid liquids, 
25v/ : f s k y obtained very good quantitative lesults The formula 
of the precipitate is C 10 H la lT 2 Hgl4, and 1 c.c of the reagent repre- 
sents 0 00202 gramme of nicotine. 

On adding merounc chloride to a solution of nicotine a white 
crystalline precipitate is produced, soluble m dilute hydrochloric or 
acetic acid This is the most characteristic reaction of nicotine. 
Strychnine produces a similar piecipitate, nearly insoluble in 
acetic acid Many other alkaloids are precipitated, but the com- 
pounds are almost invariably amorphous This is the case with the 
precipitate produced by conine, which is almost the only alkaloid 
which will distil over with nicotine on boiling the solution with a 
slight excess of caustic soda Ammonia, however, behaves like 
nicotine, and must, if necessary, be separated before applying the 
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test Ammonia la sharply distinguished, from nicotine, conme, and 
lobelmo by adding a solution of iodine m iodide of potassium to 
the slightly acidulated solution of tho base Ammonia produces no 
change, but with either of the vegetable alkaloids a brown or brownish 
led piecipitate will result Iodine solution will detect 1 of nicotine 
m 250,000, and is the most delicate reagent known for the alkaloid 
Solutions of nicotine are not precipitated by chromates, ferro- 
cyanides, feincyamdes or thiocyanates, nor by gallic acid With 
gallotannic acid an aqueous solution of nicotine yields a white, 
amorphous precipitate, which readily dissolves on cautious addition 
of hydrochlouc acid, hut is again precipitated hy further addition 
of acid, and is then insoluble even m a large excess. Tannate 
of nicotine is readily soluble also m acetic and nitric acids, but is 
not reprecipitated on adding an excess 

A variety of processes have been devised for the determination 
of nicotine m tobacco and its preparations The problem is com- 
plicated by the presence of ammonium salts, hy the difficulty of 
completely extracting nicotine from aqueous liquids by agitation 
with immiscible solvents, and by the tendency to form an emulsion 
when these aie used, owing to the presence of pectinous matter 
The methods proposed have been reviewed by J. Biel ( Pharrn 
Zeit Buss, xxvu 3, Analyst, xm. 97), who lecommends the 
following piocess, which is a modification of that proposed by 
31 is sling. — 100 grammes of powdered tobacco-leaves, or 
10 to 20 grammes of extract of tobacco, are mixed with slaked 
lime and distilled m a current of steam until the condensed 
steam is no longer alkaline Tho distillate, which will measure 
about, £ litre, is rendered faintly acid with dilute sulphunc acid, 
evaporated to 50 cc,, made alkaline with caustic soda, and agitated 
six times with ether, using 20 cc each time Biel then distils 
off the greater part of ether slowly, adds exoess of decmormal 
sulphunc acid, and titrates hack with decmormal soda, using 
rosolic acid as an indicator. The object in distilling off the ether 
is to get nd of any traces of ammonia which may be present , but 
it is difficult to do tins without risking the volatilisation of some of 
the nicotine It is preferable to titrate the unconcentrated ethereal 
solution by gradually adding decmormal sulphunc acid, using 
methyl-orange as an indicator, and agitating between each addition. 
Each cc of decmormal acid neutralised lepresents 0 0162 gramme 
of nicotine The results will be high if ammonia be present, and 
in such case the neutralised aqueous liquid should he separated 
from the ether, and evaporated to dryness at 100°. The residue 
is weighed and treated with absolute alcohol, which will dissolve 
tho sulphate of nicotine, while any ammonium sulphate will be 
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left insoluble, and its weight can be deducted from the weight of the 
mixed sulphates previously found, tile difference being the sulphate 
of nicotine The result may be confirmed by adding pliciiol- 
phthalem to the alcoholic solution of nicotine sulphate and _ 
titrating with decmormal alkali, which will leact just os if the 
sulphuric acid were uncombmed 

From co nine, nicotine is distinguished by its odour, by being 
heaviei instead of lighter than water, and hy the reactions with 
hydrochloric acid gas, mercuric chloride, argentic nitrate, platmic 
eldoride, and picnc acid (see above, and pago 181). 

Poisoning hy Nicotine and Tobacco 

Nicotine ib one of the most violent poisons known Only a few 
instances aie on record of poisoning of the human subject by the 
puie alkaloid, but the effects of tolacco, winch owes its poisonous 
properties entirely to nicotine, are well known. 1 Iuipuio solutions 
of nicotine and mfusionB of tobacco are employed as insecticides 

“ The usual effects of a poisonous dose of tobacco, when taken 
into the stomach, are confusion m the head, paleness of the coun- 
tenance, vertigo, nausea, severe retching and vomiting, heat m the 
stomach, gieat anxiety, a Bense of sinking at the pit of the 
stomach with extiemo prostration, trembling of the limbs, and 
, sometimes violent purging The pulse is small, feeble, and almost 
imperceptible , the respuntion difficult, and the skin cold and 
clammy, the pupils are generally dilated, but sometimes con- 
tracted, and the vision is usually more or less impaired Death is 
often preceded by convulsions and paralysis” (T. G-. Worm ley, 
Mioro-chemistry of Poisons). 

In toxicological investigations, nicotine may he isolated from the 
viscera in the same maimer as comae (pages 170, 175) Analtema- 
tive method is to digest the suspected matteis with watei acidulated 
with acetic acid, and treat the filtered liquid with excess of lead 
acetate. The liquid is again filtered, the lead removed from the 
filtrate by passing sulphuretted hydrogen, and the oleai solution 
treated with caustic soda, separated fiorn any precipitate, and 
distilled, when a fluid having the odour and exhibiting the 
reactions of nicotine will ho obtained Any supposed nicotine 
which may he isolated should he tested by placing it on the tongue 
of a young rabbit or small bird, when tremors, paralysis, and 

1 When tobacco is smoked, the greater part of the nicotine is converted 
into pyridine and other pyrogenons compounds, and the entire decomposition 
of the nicotine is sometimes asseitad , but Melsens appears to have fully 
proved the piosence of unchanged nicotine in tobacco smoke m a pioportion 
equal to about one-seventh of that present in the ongiual tobacco (compel a 
page 198). 
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convulsions will rapidly ensue Nicotine appears to lie unchanged 
by putrefaction, and hence may be detected m the tissues long 
after death 

, Tobacco (French, le Tabae, German, der Tabah). 

Tobacco is the dried leaf of Nicotianum Tabacum and allied 
speqies 1 

According to S W. Johnson, a good crop of tobacco, yielding 
1260 lbs. of dry leaf and 1110 lbs of dry stalk, removes from the 
soil the following constituents m lbs. per acre . — 


Constituents. 

Leaves 

Staves 




s 

17 


71 

16 

221 

Cap, 

MgO, 

17 

2 

19 

N»ad, . 


10 

118 

16 

Rum ol Asb Constituents, 

200 

£5 . ! 

mi 

Nitrogen, . 

49 

83 

82 


As the stalks are returned to the land, tobacco is not a very 
exhausting crop, but requires abundant manuring, since the period 
of growth does not exceed three months Hence, rye may be 
advantageously sown as soon as the tobacco is off, and ploughed m 
as a green crop when cultivation for tobacco commences 

Besides cellulose, albuminoid compounds, pectic acid, gum- 
resms, and other ordinary plant-constituents, the leaf of tobaoco 
contains a pecuhai volatile, crystalline principle called nico- 
tianm or tobacco- camphor, to which the formula 
has been attributed Tobacco also oontams the 
volatile alkaloid nicotine, which is apparently peculiar to the 
genus This base exists in combination with malic acid, but 
the presence of citrates, acetates, and oxalates has also 
been established. 2 Fresh tobacco-leaves (especially the midribs) 
contain a notable proportion of nitrates, but these salts are 
said to disappear during the process of fermentation to which 
manufactured tobacco is subjected. This fermentation has for 
its object the destruction or modification of some of the natural 

1 The genus Nkotvma contains more than 70 species N. Tabacum yields 
the tobacoo of Havana, Cuba, France, Holland, Belgium, &c N rusiicct 
furmsheB East Indian tobacco, and the kinds known as Latakia and Tuikish 
tobacco. T n m b e k i or Persian tobacco is the product of N. Peraica 

a Prom 100 grammes of dned tobacco leaves, Goupel obtained from 8 to 4 
grammes of acid malate of ammonium. J. Takayama ( Ohem . News, 1. 
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constituents, and the formation of “ ferment oils,” which probably 
contribute to the aioma, especially when saccharine matter. 


800) obtained tho following percentage results by the analysis of Japanese 
tobacco — 



Nagato. 

Shimozukl 

Settzu. 

Osuinl 

Water, . 

AsH, 

Nicotine, 

Acetic acid . 

MaHo° add,' 

Oitria add, 

Featic aoid, 

15 76 

0 06 ’ ; 
trace 

0 79 

0 62 

ID 01 

8*02 

004 

0 27 

102 

0 69 

7 0S 

20 71 

8 92 

001 

0 26 i 
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01)2 

7 42 

18 18 

980 

008 

trace 

0 80 

2 85 


In the above analyses, the nicotine was extracted by ammoniacal other, 
the solvent distilled off, and the niootine in the residue deteimincd by 
titration Foi the acetic acid, the powdeiod tobacco was moistened with 
water and tavtauc aoid, and distilled m a current of steam, the acetic acid 
being determined in the distillate For the fixed orgamo acids, 10 giammes 
of the sample was moistened with sulphuric acid in the quantity requisite 
to combine with tho bases (as indicated by the caihonates in the ash), and 
exhausted with ether From the ethereal solution tho acids were extracted 
by a small quantity of water, the sepaiated aqueous liquid lendered alkaline 
with ammonia, acidulated with acetic acid, and the oxalic acid precipitated 
by adding calcium acetate. To the filtiate, a dilute solution of lead acetate 
was gradually added, until a test quantity of 1 c.o of the supernatant liquid 
gave, on fuither addition of lead aoetate, a prempitate which was completely 
soluble m a few drops of acetic acid. The liquid was then filtered, and 
the preoipitate of lead citrate washed with watei containing a little lead 
acetate and acetic acid, and then with alcohol, the waahmgs being kept 
separate The citric acid was deduced from the weight of lead oxide left 
on igniting the pieeipitate. Flom the filtrate, the malic acid was precipitated 
by excess of lead acetate solution, and its amount deduced from the weight 
of lead oxide left on ignition The washings from the precipitate of lead 
citrate were boiled to expel alcohol and treated with excess of lead acetate, 
the precipitate being regarded aa a mixture of lead aitiate and malaic m 
equal proportions (compare Vol I. page 484) 

, Tho pectic acid was determined by exhausting 10 grammes of tobacco with 
rectified spirit containing one-fourth of its volume of concentlated hydiochlorio 
acid. The residue was washed with spirit tall the hydrochlono acid was 
Wholly removed, and then treated with a solution of a known weight of 
ammonium oxalate, by which the pectic acid was dissolved After digesting 
for two hours at 85°, the liquid was filtered, the residua washed, and the 
filtrate diluted to 1 litie An aliquot part of this was precipitated by calcium 
aoetate, and the precipitate washed and dried at 100° Tho weight of lime 
left on igniting the plecipitate was then ascertained The weight of CaO 

and the oxalate m the precipitate being known, the pectic acid corresponded 
to the difference. 
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liquorice or alcohol is added during the maceration to which 
the tobacco is subjected 1 

As sold by the farmers, the tobacco-leaves contain about 30 
per cent of watei When the fresh leaf is simply dried, the 
product is yellow, the biown colour of commercial tobacco being 
due to the rogulated fermentation already alluded to. The un- 
mannfactiued tobacco imported into England is converted into 
loll or spun tobacco, cut tobacco, and cigars, the refuse being 
used for mating snuff In the manufacture of roll-tobacco, the 
leaves are moistened with water, spun into various sizes of twist, 
made up into lolls, and piessed The liquid or juice which 
exudes is used as a sheep-dip Cut tobacco is made by 
moistening the leaves, cutting them to the required size, and 
drying on plates , or it may he made into cakes first, and after- 
wards cut The Excise regulations prohibit the use of any foreign 
matter in manufactuimg tobacco, besides water and a little oil 
Hence, except m the proportion of watei, which is not allowed 
to exceed 35 per cent (as estimated by drying at 100° C), there 
is no tangible diffeieuce between manufactured tobacco and the 
dried leaves imported The pioportion of nicotine in tobacco 
does not appear to he an index of the quality 

J- Clark (Jour JSoc Qhern. Ind,, m 654) has published the 
percentages of ash yielded by the ignition of twenty-one authentic 



samples of representative tobacco-leaves. The table is an abstract 
of his figures, which m all cases refer to the leaf dried at 100° C 


1 Sehizomycetes occur in fermented tobacco in large numbers, but the 
number of Bpeoies os vary lumted Tnal expeinnents by E Suchsland, 
with foreign feiments on German tobacco-leaves, yielded a tobacco not jecog- 
msable as of German origin 
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As the composition of the laminre and of the stem or midrib of 
the leaf diflin materially, these were carefully separated before 
analysis 

E Qnaj at (Bietl Gcntr , 1880, p 315) found the ash of 
fourteen samples of dry tobacco (including both superior and 
common kinds) to lange from 81 03 per cent in a Bassano sample 
to 17 11 in Vngmian and 16 78 per cent m Turkish. He con- 
siders that the quality of tobacco vanes inversely with the aah, 
but N e s & 1 e r recognises no relation between the two 

Irby and Cabell (Chem News,, xxx 117) have published 
the figiues obtained by the analysis of six typical samples of 
'Vugiman tobacco All were m the leaf state, free from stall,, but 
letammg the nudnb No 1 was light yellow tobacco, “coal-euied 
wrappers” foi cigars , No. 2, light yellow, “ fine smoking” tobacco , 
No 3 was medium brown coloui, “sweet fillers” foi cigars, No 4 
was dark, “Austrian and Italian cigar wrappers,” No 5, dark 
“English shipping," and No 6, dark, “exported to France for 
snuff ” These samples when an-dned yielded — 




No 2. 

No a | 

No 4 

No e 

No 0 

Moisiubb, per Lent , 

ASH, total, per cent on tobacco, 

„ Soluble in HC1, per 100 offish, 

„ Samlnudokircoal, „ „ 

„ Carbon dioxide, „ „ ■ 

11 80 
70 71 

5 80 
23 99 

100 
16 80 

22 14 

11 (17 

00 93 

22 09 ' 

10 31 
84 40 

7 0S ! 

13 74 I 

04 53 

8 82 
20 06 

9 71 

00 60 

24 37 


Deducting the sand, carbon, and carbon dioxide, as also the 
small proportions of alumina and feme oxide found in the portion 
of the ask soluble in acid, the “pure ash” of the tobacco was 
calculated The total nitrogen was doteimmed by the absolute 
method of Dumas, and the nicotine by M a y e i ’ s solution, with 
the following results, expressed on 100 parts of tobacco dried at 
100° C • — 



No 1 

No 2 

No 8 

No 4 j No 6 

No 1) 

ago. 

Pwe aab, 

Total nitrogen, 

Nitrogen in forms other 1 
Ilian nicotine, f 

Percentage o! total nltio 1 
gen present as nicotine, J 

8 04 

3 18 

8 32 

2 01 

18-2 

9 29 

2 08 

3 59 

2 01 

23 6 

528 

2 81 i 

24 6 

14 84 

6 70 

7 09 

21 S 

IS 89 

6 33 

6 20 

4 20 

201 

11 06 

8 86 i 

8 73 

289 

11 64 

5 72 

22 8 


The following table shows the average propoitions of nitrogen 
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and ash, and the composition of tho latter in tobacco from various 
sources . — 



Will and Fresenius (Ann Chem. Phai m , 1. 387) have 
recorded the lesults of then analyses of the ash of a number of 
samples of Hungarian tobacco, and Schloesmg (Jour Prod 
Chem, lxxxi 148) the pioportions of potash, lime, magnesia, sul- 
phates, and chlorides m the ash of tobacco grown on diffeient soils, 
The proportion and composition of the ash of English tobacco has 
been investigated by A Wingham (Jour Soo Chem Ind., vi. 
76, 400), of Indian and Burmese tobaccos by R Romanis 
(Chem News, xlvi. 248), and of various kinds of tobacco grown m 
Japan by J Takayama (Chem JSTews, 1 301), and Fesca and 
Imai (Jour. Soe Chem Ind , vn. 759) 

The combustibility of tobacco is profoundly affected by the pro- 
portion and nature of the universal constituents, especially the 
calcium and potassium, and the forms of combination in which 
these metals occur. The ash of the more combustible tobaccos is 
comparatively nch m potassium carbonate, showing the presence 
of a large proportion of organic salts of potassium in the original 
tobacco, while the ash of tobacco of infeiior burning quality con- 
tains a larger proportion of sulphates or chlorides, and hence pro- 
portionately less alkaline oarbonates According to Schloesmg 
and H e a s 1 e r tobacco burns best when it contains a considerable 
proportion of potassium malate, which is a natural constituent of 
the leaf, bnt the effect may be imitated, and a slow burning 
tobacco improved, by the addition of potassium acetate or other 
organic salt of potassium, while the combustibility may be dimin- 
ished by addition of sulphate of - 1 — *• - According 

toE R Durr well the white , ' tobacco is 
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due to the presence of a large proportion of alkaline salts, rvlnch 
swell up as the tobacco burns, and tear the fibres, thereby inducing 
complete combustion. Sulphates rather favour proper combination, 
while nitrates are piejudicial Chlorides are regarded by most 
observers as objectionable, and hence should be absent fiom fer- 
tilisers intended for application to tobacco crops 1 

A Mayer {Land Ve>'sachs-Stat., xxxvui 127 , Jour Qhrni 
Soc . , lviu. 1458) has investigated the influence of various sub- 
stances employed m 05 per cent, solution on the combustibility of 
ordinary filter-paper Organic substances of the most diffeient 
kinds were found favourable to combustion with flame and to 
dimmish the power of glowing, while inorganic substances usually 
had the opposite effect 2 

From his expenments with filter-paper, Mayer concludes that 
the more ash tobacco yields, and especially the more potassium 
carbonate (representing organic salts of potassium in the tobacco), 
the better the tobacco will burn , while much calcium phosphate, 
sulphate, or chloride is held to be prejudicial The alkalinity of 
the ash is a better measure of combustibility than the proportion 
of chlorine, Mayer gives the following figures obtained by the 
paitial analysis of tobacco of different qualities from Sumatra 


Tonaooo 

Chlorine 

Total 

Potash 

Alkaunui 
as KjCO s 

ASH 

Nitrogen 

Sufficiently good (light 1 
Sufficiently good, 

1»6 

fl'6 

49 

6*8 

66 

20 6 

20 8 

226 

32 

20 

Sufficiently good (grey | 

12 

7-0 

41 1 

17 7 

33 

Bad, ’ 

88 

40 

Ofi 

18 6 

26 


1 G, Canton! [Bied Ceitir,, 1879, p 812) found that nitrates of the 
jlkali-motals had most effect as legal dedvigoui of growth of the tobacco, while 
alkaline chlorides nnd gypsum were prejudicial, the yield m weight being 
actually higher when no manure was applied than when ammonium sulphate 
or sodium chloride was added The leaf was almost totally lucombuBtible 
whon the plant had been manured with gypsum, but that pioduced by manor 
mg with potassium sulphate was completely combustible A. Mayor confirms 
the statement that chlorides are objectionable m tobacco manures, and states 
that their use moreasBS the proportion of chlorine in the leaves from 0 21 to 
0 62 per cent 

2 The salts found most favourable for glowing weie the alkaline mtiates, sul- 
phates, and carbonates, alkaline organic salts, and potassium chloride. Sodium 
salts had less effect than potassium salts, and oalemm and magnesium salts much 
less still Paper treated with potassium salts, magnesium sulphate, or sodium 
carbonate gave a white ash Chlorides were found rather to favoui glowing. 
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According to J, M. van Bemmelin {Land Va suchs-Stat., 
xxxv u 409, Jnui Ohem Son., Ivm 1338), tobacco which burns 
badly either contains an excess of chlonne and sulphuric acid over 
the potash, or else the amount of potassium, computed with that 
of chlorine and sulphuric acid, is low, owing to the potash being, 
partially replaced by soda Leaves of the best quality contain 
little or no soda, not much chlorine or sulphuric acid, but a laige 
proportion of organic salts of potassium, calcium, and magnesium. 
Too much fat or albumin m the tobacco neutiahses the good 
effect of organic salts of potassium, and it is important that the 
albuminoids and carbohydrates should be sufficiently decomposed 
during the casing of the tobacco In the ash the ratio of 
C0 2 Cl+SO g is not less than 7 1, and the ratio of K 01 + 80, 
is not less than 2 1 

According to M ify e i, tobacco which burns badly can he made to 
burn well by steeping it for twenty-four hours in a 0 5 per cent, 
of potassium acetate oi nitrate In this way soluble organic matter 
and alkaline chlorides are extracted, while the salts favourable to 
glowing are taken up By steeping in a 0 5 per cent solution of 
calcium acetate, the most incombustible tobacco, which can other- 
wise only he used for snuff, can be made to bum well, and yield a 
perfectly white ash 

The mode of existence of the nihogen in tobacco has been 
investigated by Fesca and Imai {Jam Soc Ghem. Ind , vu 
759), who have published the following among other interesting 
analytical data — 


In airlifted tobacco— 


Containing soluble CO<t, 


Crude fat, 

Crude fibre, 

Total nitrogen, * . 
Amido nitrogen. 
Albuminoids, 
Nicotine, 

Per 100 parts of total mti ogei 
N as ftimdo oompoimds; 

N as albuminoids, 

N ns niootme, 


1 Fesca and Imai deduce the following conclusions fioni their researches 
The quantity of nicotine may be considered ns hearing the same relation to 
tobacco as the percentage of alcohol does to spiutuous liquors ; but as yet a 
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The aqueous infusion of tobacco contains a body which reduces 
F e li 1 1 n g’s solution According toT J Savery {Ghem. News 
skx 123), the reducing body is almost entirely precipitated by 
basic lead acetate, the filtiale being without action on F e h 1 1 n g’s 
solution The body precipitated by lead acetate is probably 
caffetannic acid, and amounts, according to J. Attfield 
( Fhaim Jour,, [3], xiv, 541), to about 3 per cent of the to^cco. 
But Attfield states that the solution after treatment with, basic 


high pel cordage of nicotine has not been shown to be an indication of the 
good quality of tobacco Nit lie acid should not he found m well-feimented 
tobaccos Ammonia determinations aie frequently too high, as they include 
some amido-nitrogen. 0*1 per cent or so of ammonia does not seem to lower 
the quality of tho tobaoco The albuminoids m a tobacco afford no indication 
of quality unless the piopoitiou of amides is simultaneously considered The 
amido-mttogon repiescnts for tho most port haimless, or, perhaps, even 
beneficial, mtrogenouB compounds It is possible that a further study o £ 
these bodies and their decompositions will reveal the presence of bodies 
eieieising a rluoot influence on tho quality of tobacco Anyway, the conver- 
sion of albuminoids into amides is one of tho most important results of tha 
feimeutation Oidmaiy fat deteiminations, or rather extracts, are of no usa 
m tobacco analysis Caibohydiates should not be present in well-foimented 
t tobacco, but a study of tho changes they undeigo would doubtless be of gieat 
value m connection with tobacco Only consuleiablo diffeienoes m tho amount 
of the various constituents of tobacco can give any conclusive indication of the 
quality of a tobacco Very bad tobaccos always contain much albuminoid 
matter sulphnnc aoul, ohlonne, and large quantities of mmeial acids, with 
small piopoitions of amnio mtiogou, potash, fee By tho presont methods of 
analysis it is easier to recognise a bad tobacco than one of good quality 
Bases, paitionlaily potash and lime, in medmm quantity, are favourable to 
the good quality, and especially the combustibility, of tobacco ' An excess of 
eithei of these bases over a libeial mean poicqntagc is neithei a sign of good 
quality lioi combustibility, and only an exceptionally low percentage of eithei 
of them can be regarded with ceitamty as a had sign Very high magnesia is 
piejudieial to the combustibility Mineral aoids in laige quantities indicate 
both bad combustibility and quality , but only a voiy high piopoition of an 
individual acid can be safely considered a decidedly bad indication Tho com- 
bustibility is influenced to the greatest extent by the quantity of sulphnnc acid 
piescut, and in a diminishing degiee by the percentage of chloime, pliosphoiic 
acid, and silica m the tobacco * The peicentage of soluble oaihonatos appears 
to have no nnpoitant influence on tho quality and combustibility of tobacco , 
tho influence of the total quantity of catlionates m the ash is much greatei, 
but even in this there is a maximum beyond which the percentage of carbomo 
anhydride m the ash cannot be leganled as indicating lnciease of combus- 
tibility The relation of cuibonates to the mineial acids is a much more 
nnpoitant factor, a large piepondorauee of the formei being a favouiahle sign 
High basicity of ash is an excellent indication of good combustibility, especially 
when not due eithei entirely, oi to a gieat extent, to magnesia or iron. 
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load acetate still contains a sugar-like tody, 'which he did not 
attempt to isolate, and which had little or no optical activity, hut 
which yielded alcohol on fermentation with yeast, m amount , 
corresponding to an average of 7 per cent of sugar E as tea 
and I n o e ( Phaim Jour , [3], xvi 682) found a small percentage 
(2 6 to 5 3) of a fermentable saccharqid matter, not removable by 
lead acetate, in the extract of tumbeki or Persian tobacco 
(Nicotiana Persica ) The nicotine m this product ranges from 
2 to nearly 6 per cent,, and the ash from 22 to 28 per cent 

H. Muller (Bied Centi , 1886, p 409, Jour. Chem Soc„ 1 
904) states that fermented tobacco contains, as a rule, little or no 
starch, and no sugar The whole of the starch commonly disap- 
pears during the first few days of the drying The sugar thus 
formed is often eonveited into water and carbon dioxide, and this 
change seems to be complete m leaves quickly dried The last 
trace of sugar disappears when fermentation sets in, while“"any 
residual staich does not appear to he altered, 

Etom the analyses already quoted, it is evident that the propor- 
tion of nicotine m tobacco vanes considerably 1 According to 
SehToosmg {Chem. Gazette, v. 43) dned French tobacco con- 
tains from 5 to 8 per cent, of the alkaloid , Virginia and Kentucky, 

6 to 7 per cent., while Maryland and Havana tobaccos contain’ 
only about 2 per cent , and oidmary snuff about the same propor- 
tion L Riccuardi (Her, xi, 1386) to some extent confirms 
those results, for he found the nicotine in twenty specimens of 
tobacco, grown m Italy under vanons conditions, to range from 
6 99 per cent m a Virginian variety to 1 62 m Havana tobacco, 

Tobacco Smoke varies in character according to the proportion of* 
air admitted during combustion, oxidation being necessarily more 
perfect m the case of a cigar than when t.he tobacco is smoked in 
a pipe In the latter case, a portion of the condensible products 
is deposited m the liquid state. Tobacco-smoke consists jn part of , 
permanent gases, the proportions of carbotf dioxide and carbon mon- 
oxide in whichr have been determined by G Krause Vo 111 
found sulphuretted hydrogen and hydrocyanic acid, and from 0 7 to 
2'8 grammes of ammonia for 100 of tobacco smoked V o hi and * 
Eulenberg {Ai ch Pham, [2], cxlvi, 130) experimented on 
the smoke of strong tobacco, burnt both m pipes and in the form 
of cigars. The smoke was first aspirated through a solution of i 

? According to Ad, Mayer a liberal amount of heat and light, together 
with sufficient moisture m a rich soil, will not only causa a luxurious develop- 
ment of tobacco plants, but give a huge increase m the percentage of nicotine, 
while the other organic constituents of the plant are not much affected by 
climatic conditions J 
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caustic potash, and then thiough dilute sulphuric acid. The alkali 
absorbed carbon dioxide, sulphuretted hydiogen, hydrocyanic^ 
formic, acetic, propionic, butyric and valeric acids, phenol and 
creosote , the presence of caproic, capnllic, and succinic acids could 
not be aseeitaiped conclusively The and absorbed ammonia, 
pyridine, G g II 6 IS t , and all the homologues of the series to viridme, 
CjgHipN, inclusive, In addition to the above, carbon monoxide, 
methane, and several hydrocarbons of the acetylene senes were 
detected Pyridine was the chief base m the smoke from pipes, 
while collidine was the prominent base m cigar-smoke. 

Y o h 1 and Eulenberg conclude that the nicotine of tobacco 
is Completely decomposed duung the process of smoking, and that 
the intense action of tobacco-smok'e on the nervous system is due 
to the presence of bases of the pyudme series Theie is no •‘doubt 
that some observers havo mistaken these bases for nicotine , but 
M e 1 s e n s’ experiments {Dingl Pohjt Jour , xlvn. 212) appear to 
be conclusive as to the presence of nicotine, which he isolated in 
a condition fit for analysis and to the amount of about 33 
grammes for 4£ kiligiammes of tobacco smoked, or about one- 
seventh of the quantity oiigmally piesent 1 

Tobacco Extract varies greatly m strength, and should always 
be assayed for the propoition of nicotine A good extract is said to 
contain about 7 per cent, of tjie alkaloid The following analyses 
byE GeisSler {Jout . Soc Chm Ind, viu 425), of ^tobacco 
extract of 40° Baum4, inchoate a wide difference in its cliaractei, 
according as it is prepared from the leaves or midribs of the 
tobacco 
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Snuff is manufactured from refuse-tobacco, such as stems, tobacco- 
smalls, and sweepings These are moistened with water, subjected 
to a process of feimentation during six or eight weeks, then ground, 
mixed with alkaline salts as pieservatives, and flavoured as desired 
In the United Kingdom, nothing is allowed to be added to snuff 
1 Kelsons’ conclusion has been endorsed by R Kisslmg {Ding Polyt, 
Jour., ccxliv 64), who has collected and reviewed the observations of previous 
investigators He considers Vo Ill’s conolnsion as to the non-existence of 
mootme in tobacco-smoke to be due to that chemist having overlooked the 
fact that the alkaloid is decomposed by waim caustic pptosh, a reaction which , 
if a fact, has ceitamly not met with general recognition. 
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but the chlorides, sulphates, and carbonates of potassium and 
sodium, and the carbonate of ammonium , and any siuiii •which 
contains a greater proportion of these salts than 26 per cent on 
the dry snuff, including the salts natural to the tobacco, is liable to 
forfeiture and a penalty of £50 As the propoition of alkaline 
salts m tobacco-ash vanes considerably, it is important that the 
manufacturer should know the amount present, in order that he 
may compound a snuff of uniform composition, and not exceed the 
legal limit. Of the salts allowed to be added to snuff, common 
salt and the caibonates of potassium and ammonium are those most 
commonly used. In addition, most snuff contains from 25 to 45 
per cent of watei , and sometimes a considerable quantity of sand, 
the proportion, according to J. Olaik (Jour Soo Ohern Ind , 
in 654), averaging 5 per cent on the diy snuff, but ranging fiom 
0'5 to ovci 10 per cent, and m one case exceeding 30 pei cent 
A laige number of gross and moie or less apocryphal adulterants 
of snuff havo been recorded Among these the sulphides of arsenic, 
mercury and antimony, chiomato of lead, bichromate of potassium, 
sulphates of coppei and iron, alum, lamp-black, ivory-black, cieam 
of tartni, led ochre, buck-dust, and various organic matters find a 
place As snuff is neither a “ drug ” nor an article of food, it is 
not liable to examination under the Adulteration Acts, and the 
Excise systematically ignore sophistications which do not affect the 
revenue Hence, authentic information respecting the present 
adulterations of snuff is very limited, 

Pitunne. C 12 H ia N', ! . 

Pitiume, the volatile alkaloid of pituri, 1 was rcgaided by 
P e 1 1 1 as identical with nicotine, hut its distinct individuality has 
been established hyLiveisidge ( Pharrn Jour , [3], xi 815) 

In its chemical characters and physiological effects pitunne 
presents the closest lesemblance to nicotine, hut is distinguished 
from that base by its leaction with Palm’s test When gently 
warmed with hydrochlonc acid of 1 12 specific gravity, nicotine 
turns violet, and on addition of a httlo strong nitric acid the colour 
changes to a deep orange. Piturme when thus treated does not 
change coluui at all, hut when further heat is applied it turns yellow 

Pitunue is distinguished from comae by its aqueous solution 
not becoming turbid on heating, or by the addition of chlorine- 
water, fiom aniline it is distinguished by its negative reaction 
with solution of bleaching powder , and from picolineby being 
somewhat denser than water. Fiom p y r l d l n e, pitunne diff ers by 
1 Pitun consists of tbs dried loaves of Duboma Hopwoocfai, a shrub glowing 
in Australia. It contains from 1 to 2J per cent, of the alkaloid 



LOBELINE 


195 


giving a precipitate with cupnc sulphate insoluble m excess of 
the base. 

When piturme is treated m ethereal solution with iodine (com- 
pare sparteine) the liquid becomes biownish led and turbid, and 
after a short time deposits j ellowish red needles, leaving a yellow 
mother-liquor. The ciystals melt at about 110° C, and dissolve 
in alcohol with biowmsli led colour TIhb solution leaves indis- 
tinct needles and oily drops on evaporation ; if treated m the cold 
with caustic soda, an iodoform-like odour is evolved , wheieas the 
iodine-compound of nicotine is said to repioduce nicotine when 
similarly treated 

Lobeline is the active principle of Lobelia, inflata, or Indian 
tobacco, a plant which has received extensive application by un- 
authoused piactitioncrs, and is also an official ding 1 

Lobelinb exists in loboha in combination with a vegetable acid 
In piesence of ceitnin othei constituents of tho plant the alkaloid 
is extremely unstable, being lapidly decomposed on heating an 
aqueous, or ei en an alcoholic, infusion of lobelia In presence of 
acetic acid the base is more stable, and was obtained by J "W. 
and 0 G Lloyd (Phatm Join, [3], xvii 1038, xvui 135) 
as a colourless, odourless, amorphous substance, permanent in the 
air, only slightly soluble m water, but readily soluble m alcohol, 
other, chloroform, benzene, caibon disulphide, &c In the pure 
state lobelme is not hygroscopic, and is but slowly changed on 
exposure to air Lobelme turns red with sulphuric acid, yellow 
with nitnc acid, and is precipitated by all the general alkaloidal 
reagents The salts, which have not been obtained crystallised, are 
readily soluble m water, alcohol, and ether They aie described 
as most violent emetics, a single drop of a tolerably strong solution 
producing immediate emesis, without disagieeable after-symptoms 
The dust is as irritating as veratrino to the nose and am-passages. 

1 The ontne dned herb constitutes the official ding, but tho dneil seeds 
of lobelia are also laigely vised The r o o t of Lobelia syphilitica was employed 
before L inflata was known to medicine, but the root of tho latter species does 
not appeal to have been used According to J W. and C G Lloyd, all 
paits of lobelia contain the alkaloid, winch, however, is most leadily obtained 
from the seeds. 

The dust of the plant pioduces a painful Ronsntion when inhaled All paits 
of the heib and seed pioduce an aend biting sensation on the tongue, and a 
shaip, tobacco-like impiession on the thioat and fauces Lobelia contracts 
the pupil, and acts as an expectorant in small doses and an emetic m larger 
(10 to 20 grains) In poisonous quantities it acts like nicotine, and kills by 
paralysing the respiration. Several fatal cases of poisoning by lobelia are on 
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Inflatin waa obtained by J. W and C. G L 1 o y d in large 
colourless, odourless crystals, melting at 225°, insoluble in. water 
or glycerin, but soluble m alcohol, ether, chlorofoim, benzene, 
carbon disulphide, and the oil of lobelia, &c Inflatm is a neutral 
principle, and appears to have no therapeutic value. The lobelau m 
of Enders is considered by the Lloyds to be a mixture of 
inflatm, resin, lobehne, and the fixed oil which lobelia contains m 
the proportion of about 30 per cent 

No liquid volatile alkaloid could be obtained by Messis Lloyd 
from lobelia, by distilling the herb with water, either with or with- 
out the addition of caustic alkali, and they considered the supposed 
volatile base to have been probably a mixture of lobelme, inflatm, 
and volatile oil 

On the other hand, Paachkis and Sinita ( Monatsh , xi. 
131, Jam. Soo Ghem Ind., ix 761) have obtained a volatile 
alkaloid fiom Lobelia vn.fl.cda, by extracting the leaves with water 
acidulated with acetic acid, rendering the concentrated solution 
alkaline, and Agitating with ether. On distilling off the' solvent 
the alkaloid is obtained as a viscous oil, with an odour at once 
resembling that of honey and tobacco It is purified by solution 
in dilute hydrochloric acid, and re-extraoted by alkali and etbei 1 
After distilling off the ether the base is dried with caustic potash, 
and distilled m a current of hydrogen On warming the alkaloid 
bo obtained with a 10 per cent eolution of caustic potash, and 
gradually adding a 4 per cent, aqueous solution of potassium 
permanganate, benzoic acid is formed, and can be extracted by 
filtering off the precipitated oxide of manganese, and agitating 
the acidulated solution with ether 

The sulphate 'of the above volatile alkaloid, if prepared from 
lobelia seeds, is obtained m yellow, very hygroscopic granules 
"When prepared from the leaves, it forms a yellowish white powder, 
lejss hygioscopic than the salt from the former souice 

According to D r e s e r, lobelme is the only medicinally active 
principle contained m Lobelia mflata. S Nunez ( Brit Med. 
Join., 1889, 1059) considers it greatly superior to the galenical 
piepamtions of lobelia, and recommends it in the treatment of 
spasmodical asthma and bronchitical dyspncaa 


1 Up to this point the process of Paschkis and Smita is substantially the 
same as that of the Lloyd Bros for the preparation of the non-volatile alkaloid 
of lobelia. Siebort, by the same process, has recently obtained, both from 
the heib and seeds of lobelia, a pale yellow alkaline syrup, the crystallised 
hydrochloride and chloroplatmate of which indicated the formula 
for the fiee alkaloid. 
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This alkaloid is obtained by Houdd and Laboide ( Phartn . 
Jou [3], xvi 543) by exhausting in a displacement-apparatus 
with proof-spirit the coarsely-powdered leaves and branches of 
bioom. (Spmtmm scoparium) The product is fllteied, distilled 
under reduced pressure, the residue dissolved m tartaric acid, the 
liquid filtered to remove a greenish deposit containing chlorophyll 
and scoparin , the filtrate rendered alkaline by potas- 

sium carbonate, and agitated several tunes with ether The 
ethereal solution is shaken with tartaric acid, and the acid liquid 
separated and again rendered alkaline and extracted with other, 
which on evaporation leaves the alkaloid ; the yield being about 
0 3 per cent of the plant used 

Spaitomo is a colourless, oily liquid, boiling at 287° at the oidr- 
nary pressure, oi at 180° at 20 mm It has a somewhat pungent, 
pyridme-like odour, a very bitter taste, and on exposure to air turns 
brown and thick It is soluble in alcohol, ether, and chlorofoim, 
but insoluble m petroleum ether. Its solution m alcohol (24 per 
cont ) has a specific rotation of — 14° 6 for the sodium ray 

Sparteine is a well-defined base, uniting with acids to form 
crystallisable salts, and having the constitution of a tertiary 
diamine. The sulphate forms large, transparent, very soluble 
rhombohedia, 1 a solution of which gives with caustic alkalies and 
ammonia a white precipitate insoluble m excess Cadmium lodido 
gives a white curdy precipitate, and sodium phosphomolybdate a 
white precipitate, dissolving on heatmg the liquid. Platinum 
chloride yields a yellow precipitate of EK 2 FtCl a -i-2aq, very 
insoluble m cold water and alcohol, but crystallising from hydro- 
chloric acid in rhombic prisms, Sparteine gives no coloration 
with concentrated mineral acids 

When oxidised with potassium permanganate, sparteine yields a 

1 Administered m doses of 0 1 gramme, Sparteine sulphate is stated (G See, 
Compt Bend , oi 1046 , Year-Bool Fharm , 1886, p 283) to have a tomo action 
on the heait moie prompt and lasting than that of digitalis or convallamann, 
restoring the rhythm of the heart’s action better than any known remedy, 
and resembling belladonna rn accelerating the heart-beats in weak and atonic 
conditions of the heart It does not appeal to have any injniioiis action on 
the digestion, or on the nervoiiB system generally 

According to D e Kyra on, sparteine causes trsmoi, dilation of the pupils, 
inco-ordination of movements, and convulsions alternately tome and clonic 
Schroff found that a diop of sparteme introduced into a lahbit’s mouth 
occasioned spasms of tlie muscles ot the spine and limbs and paralysis of the 
latter, slowing of the lespiration and heait, and death in six minutes 
The effects of sparteine have been compared to those of comne, but they do 
not explain the value of broom as a diuretic medicine 



198 


SPIGELINE 


small quantity of a volatile (apparently fatty) acid, together 
■with a non-volatile pyridine-carboxylic acid, which on 
clrntdlation with lime yields pyridine Heated in sealed tubes 
with fuming hyduodic acid, sparteine yields methyl iodide 
and abase containing C 14 H 2i H 2 . 

According to Bemheimer, on gradually adding 3 parts of 
iodine dissolved in ether to on ethereal solution of 1 part of 
sparteine a black precipitate is formed, which, when separated, 
washed with ether, and dissolved in boiling alcohol, crystallises 
on cooling m beautiful green needles containing C 15 H 2a H 8 I s 
This body is msolnble m cold water or alcohol, but dissolves 
m either liquid when heated. It is insoluble in ether, permanent 
m the air, and yields free sparteine when heated with caustic 
alkali (compare “Piturme,” page 195) Bromine acts Btrongly on 
sparteine at the ordinary tempeiature, even when largely diluted 
with ether, foimmg an undefined resinous mass 

Accoi cling to G r a n cl v a 1 and V a 1 s e r, when a drop of ammo- 
mum sulphydrate is placed on a watch-glass, and a trace of spar- 
teine or one of its salts added to it, a permanent oxange-red colora- 
tion is immediately produced. 

Spigeline is the active principle of Spigelia Marylandica, 
or “pink-root” As obtained by W. L Dudley by distil- 
ling the root with milk of lime it was volatile, gave with iodine 
a brownish-red precipitate, and with Mayer’s reagent a wlute 
crystalline precipitate soluble in alcohol and ether, and differing 
from most similar precipitates by being soluble in dilute acid. 
Spigeline is said by S t a b 1 e r to he bitter, precipitated by tannm, 
and soluble in water and alcohol, but not m ether (2) Pink-root 
is often used as a voiinifuge, and possesses poisonous properties 
allied to those of gelsemium, depiessing Iho action of the heart 
and of respnation, and m large doses causing loss of muscular 
power (Practitioner, July 1887 ; Amer Ckem Jour, 1. 138) It 
produces strabismus, dilatation of the pupils, and temporary loss 
of sight, with some drowsiness but not narcotism A fluid extract 
of spigelia root is official m the US. Pharmacopoeia* 


ACONITE BASES . 1 

The different species of Acomtum contain alkaloids of a closely- 
allied character, but which differ from each other m their chemical 

1 The subjects of this section arc discussed at greator length and in more 
detail than their intrinsic importance seems to wauant, hut it appeals desir- 
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composition and physiological activity The characteristic aconite 
alkaloids arc perhaps the most violent poisons known, but certain 
species of aconite contain simply harmless, bitter principles All 
parts of the plant contain the poison, hut the loot is uchest m 
alkaloid. If any poition of a poisonous aconite plant he chewed, 
it will be found to have a taste which may he at first bitterish 
sweet, but after a time becomes aend and burning, causing a 
persistent sense of tingling tmd numbness of the gums and tongue, 
which effect lasts for some time and is highly characteristic 

For medicinal use, the Geiman and United States 
Pharmacopoeias admit only the tuberous root of Acoratim 
Napellus (W olf’s-bane or Monk’s-hood). 1 The extract 
of aconite of the British Pharmacopoeia is prepared from 
the fresh leaves and flowenng tops of A Napelhis (“ gathoied when 
about one-third of the flowers are expanded, from plants cultivated 
m Great Britain”), while the alkaloid (the description of which 
points to an linpuie product), the 1 1 n i m o n t and the tincture 
are directed to be prepared fiom the carefully-diied root of the 
same plant (“ collected m winter or eaily spring befoie the leaves 
have appeared, from plants cultivated m Button or imported in a 
dried state flora. Germany”). 2 The Fiendi G o d e x nuthouses the 
use of the leaf and root of both A . Napellus and A feiox possibly 

able to pi fluent the ahemvtiy of the aconite bases in a more complete foira 
than has been done since the publication of Aide 1 IV light’s classical 
resoaichos ending m 1880 The nothin is indebted to Dr C R Aldor "Wright 
for perusal and collection of the article, 

1 The root of A Napellus is fiom 2 to 4 inches long, and of an wregu- 
lar conical form It is much slmvellod longitudinally, and is inoro or less 
covered with the scars and bases of broken rootlets Externally it is eoffee- 
brown, but the transverse section is whitish, and exhibits a central cellular 
axis with about seven rays. The lieslily-cut section lapidly acquires a tedilish 
tint, a oharaotei which distinguishes aconite root from horso-iadisli, which it 
icmotely losembles, and for which it has been fatally mistaken Tho details of 
the stiuctmoof aconite loot have been minutely described by Rich aids and 
Rogers ( Pharm Join ,[8],xix 912, Chemist and Di uygist, May 18, 1889), 
who point out ceitam differences between tho Geiman andButish giown roots 
The structure of A. hetcrophyllum and Japanese aconite have been desenbed 
min utely byWasowicz (Pharm Jom , [3], x 301; xi 140) 

8 Notwithstanding the impoi tance, in the case of such a ding as aconite, of 
adhering strictly to the directions of the Pharmacopeia, it ib stated on 
the high authority of E. M Holmes (Pham u Jour, [3], xx 900) that 
aoouita-root as met with m commerce is generally of German oi Japaneso 
origin, tho former being gathered indiscriminately horn plants which may vary 
as widely m r propcrties as A heterophyllum (non-poisonouB) and A. far an 
{highly poisonous), and certainly do vary as much as A, Napellus (intensely 
poisonous) and A pamaulatum (non-poisouous). 
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owing to the widely-spread, but apparently mistaken, impression 
that the alkaloid known as Morson's aconitine is prepared from 
the latter species (compare foot-note on page 216). 

The loots of aconite plants are not only the richest m total 
alkaloidal contents, hut the alkaloids extracted from the root of A 
Napellus were found byC R AlderWnghtto contain a much 
larger propoi tion of the crystalline base aconitine than the alka- 
loids from the Other parts of the plant (stem, leaves, and flowers), 

The various natural alkaloids of the aconites are, broadly speaking, 
characteristic of particular species of the plant Thus aconitine 
is the peculiar alkaloid of A, Napellus, pseud aconitine of 
A.ferox, and japaeomtine of A. Fisclm i. It is highly probable 
that the traces of pseudacomne found by A 1 d e r W r l g h't in tho 
alkaloids from A, Napellus, and, conversely, the trace of aconitine 
detected m the bases from A. ferox, were due to unsuspected 
admixtures of other species of aconite in the parcels of roots 
which professedly came from one species only 1 Thus, twenty-nine 
varieties of A Napellus have been described, and some of these 
exhibited such differences that only an expert could distinguish 
them from nearly allied species The true A. Napellus flowers in 
May, and appears to he peculiar m this respect ; it is impossible 
even for a skilled botanist to distinguish the plant by its leaves 
alone (E. M Holmes, Pharm Jour , [3], xn 736) 2 

The roots of at least two species of Japanese aconite occur in 
the United States, viz , Acomium Fischer i and A unaimtum The 
latter species has been described as poisonous , but, according to 
V Coblentz, the root, although it contains an alkaloid, is 
entirely devoid of the tingling ancl numbing taste of A Napellus 
The physiological experiments of Bartholow on the root of 
A. Flsehen indicate that this plant increases the number and force 
of the cardiac pulsations, instead of reduomg the heart’s action like 
A Napellus These and other results show that japaeomtine and 
preparations of the Japanese root should by no means he substituted 
for A Napellus for internal administration (Pharm. Jour , [3], xvi 
646) 

Besides the eminently poisonous alkaloids, aconitine, pseud- 
acomtme and japaconitme, characteristic respectively of Aconitum 
Napellus , A. feiox , and A Fiseheri, other species of aconite 

' Mandolin, by the examination of A. Napellus alkaloids of various degrees 
of punty, was not able to detect pseudacomtuie ; and J urgans also failed. 

3 The root of Impetatona OslrutMum, or masterwort, has been met with 
as an adulterant of aconite It resembles aconite tubers m shape, but has an 
aromatic odour and pungent taste, and the transverse section exhibits numerous 
oil cells arranged m several oircles. 
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contain alkaloidB which appeal m some cases to be highly poison- 
ous, and. m other cases harmless, bitter tomes Thus the alkaloid 
of Aaonitvm pamculatum (which was the official aconite of the 
London and Dublin Pharmacopeias of 1836) is an inert, hitter 
principle, not improbably identical with the pint aconitine isolated 
by T. B Groves from a parcel of roots supposed to be those 
of A. Napellus The root of A, hetei opliyllum contains a non- , 
poisonous bitter alkaloid, called by its discoverer afmne , and it 
is probable that similar bases occur m othei species. Lyaconitine 
and myoctonine are physiologically active alkaloids isolated from 
A lycoctonum Some species of aconite appear to contain an 
umsolated base having distinct narcotic properties. 

The following table shows the chief sources of the aconite ' 
alkaloids and their derived bases The root is the part of the 
plant referred to m each ease — 



Much of the earlier work on the alkaloids of the aconites is 
of little value, owing to the readiness with whioh the bases 
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undergo decomposition, and the consequent failure of the observers 
to obtain them m a pure state. 

The following table shows the leading properties of the better 
known of the aconite bases. 


Anliydro aconi- 
tine, 

Aconlne, 


Japaconitine, 

Jupucontne, 

Ploraconitine, 

Ptoraconine, 
Lyaconltino, , 
Ifyoctoutae, 


Acolyctine, 
Atisine, . 


lapnconitlne 

Crystallised 


fernconitine. 

lapomflcation 

ofpseudtioonl- 

ttno 

Iryatnlliuo 
alkaloid of 
Japanese 
^ nconitoroot 

at japaoonl 


With lynconi 
tine, in A 
ljcoc.(omnn 
Lyooctomue 
Sapomflca- 


Fiotu root of 
A hetero 
phyllvm 


CaaHjjNOji 

CjoH^NOii 

OasH^NOia 

CjyH^jNOfl 
CjoHsaNjOai j 
OaaHjiNOj 
O»jH«NO 10 

J 0 24 H4iNO|) 

CwHwNaOs 

CsoHjBNaOja 

CwHAO? 


Crystidllsablo both in 
ireo stnto anil as 
salta Alkaloid tta- 
tro rotatory 

Small colierout 


itoJlina 


hjstalllsiibli, , forma 
Lryatallisable salts. 
Saponifiable 


duces Folding's solu 


Amorphous , dextro 


White powder 
Forms crystalline 


resembles 
aeonltbio 
Closely resem- 


poiaonoas 

Poisonous 


Poisonous 


Paralytic 

bS!"- no 
poisonous. 


It is not probable that either the foregoing list or that on last 
page includes all the distinct alkaloidal principles of the aconites 
The so-called c£ amorphous alkaloids ” have beeu very imperfectly 
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examined, owing to tlie difficulty of obtaining them in a condition 
of purity. Of thosa which have been partially examined, con- 
siderable unceitamty exists as to how far they are natural con- 
stituents of the original plant, and how far formed by polymensa- 
tion. or other changes during the process of extraction. T and II. 
Smith obtained hom tho fiesh juice of the loots of A. Napellus 
an alkaloid which appeared to be narcotme, and which they 
termed aconellme The occunence of this base has not 
been confirmed, hut it is notewoithy that there is a relation 
m the constitution of narcotine and pseudacomtmo , for, while 
the former yields meconin, C 10 It 10 O 4 , or opianic acid, 
C 10 H 10 O c > on saponification, the lattei gives dimethyl-proto- 
catechuic acid. The following formulae show the constitu- 
tion of the two last-named bodies. 


(OCH s 
err )OCH 8 

co oh 

(.00 II 


( och 3 

rrr )OCH s 
d CO OH 
(H 

Mmotliyl piotoontocliulo acid 


The researches of C R Alder Wright havo demonstrated 
that the crystallisabie alkaloids of Aeomtum Napellus, A terox, 
and A Fischeri (Japanese aconite) are alkyl salts or esters, either 
of benzoic acid itself or of a derivative of this acid Thus, when 
heated with alkalies or mineral acids, or to some extent when 
heated with water alone, each of the crysfalhne bases undergoes 
saponification, with formation of benzoic acid, ot a derivative 
thereof, together with a new amorphous base of far less physio- 
logical activity than the crystalline alkaloid from which it is 
derived. 1 

, The following table shows the composition of tho natural 
crystallisabie alkaloids of the group, and the products of their 
saponification The fonnulce of aconitine and aconine are 
those attributed to these bases by Duns tan and Inee 
(Jour. Ghent Soc., lix 271), and show H ? more in the mole- 
cule than the foimuhe of Alder Wright for the same 
alkaloids. 

1 The statement made m the text requires qualification Pici aconitine 
is a saponifiable alkaloid, hut is not poisonous It foims readily crystal- 
lisable salts, but tho free base has not been obtained ciystalhscd Atisine, 
again, is itself amorphous, but forms eiystaUosablB haloid salts, and is 
not known to be saponifiable. Lyaeonitme and myoctonmo have not 
been obtained crystallised, but aie saponifiable and yield crystallisabie 
salts 
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ORYSIALMNE BASE 

PSODHOTS OF HYBEOLYSIS 

Amorphous Bubs 

Acid 

Aconitine, 

o 83 h 4B no 13 

Piccaoonltiuo, 

C n H 45 NO 10 

Japaconltlne, 

CaflUggNaOai 

Paeudaoomtlne, 

•WhoNOu 

Aconlno. 

CnuHaNOu 

riorneonlno, 

CjuttuNOj 

Japneontne, 

Pseudaconine. 

CfoHnNOe 

Banaolo acid, 

C7H 6 0 2 

Benzoio aoul, 

CyHfjO^ 

Benzoic add, 

2CVHj0 3 

Veratrio add (dimethyl 
protocatedmio aoidj, 

CsEnjOj | 


Lyacomtine, the amorphous alkaloid of A lycodomm, also 
yields an acid and one or more bases on saponification (of 
■which one, lycoctomne, leadily crystallises), but it is 
doubtful if the reaction can be expressed by any simple formula 
(see page 223) The amorphous alkaloid myoctomne, from the 
same source, yields benzoic acid on saponification, together with 
the crystalline base lycoctomne, and other products 

The saponification of the crystalline aconite bases occurs with 
a near approach to quantitative accuracy, at least so far as the 
production of the acid products is concerned , the basic product 
usually undergonig some further change with formation of a 
resinous substance The reaction is best effected by boiling the 
alkaloid with alcoholic cauatic soda for some time, under a 
reflux condenser If the produot be then acidulated with hydro- 
chloric acid, and agitated with ether, the acid products of the 
saponification are dissolved On separating the ethereal solution, 
and shaking it with soda, the benzoio and veratnc acids are 
dissolved, while resinous matter remains m the ether On again 
acidulating the separated alkaline liquid the acids are liberated, 
and may be dissolved out by agitation with ether After allowing 
the washed ethereal solution to evaporate spontaneously, and drying 
the residue over sulphuric acid, the acids may he weighed, oiy 
where only one is present, the amount may be ascertained by 
titrating the ethereal solution with standard alkali and phenol- 
phthalem A method adapted for the assay of very small quantities 
of the aconite bases, and based on this principle, is described on 
page 234 Aftei weighing, the melting-point of the acid may he 
ascertained Benzoic acid melts at 121° C., and may he separated 
from veratnc acid (page 218) by prolonged distillation with water, 
when only the former body passes over, The distillate may be 
rendered alkaline, concentrated to a small bulk, acidulated, and tba 
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benzoic acid extracted with ether, and lecovered by evaporation of 
the solution. The veratnc acid may he similaily recoveied fiom 
the liquid left m the retort 

The following table shows the proportions of carbon and 
hydrogen contained m the crystalhsable aconite bases, together 
with the percentage of gold contained m their aurochlondes 
(dried at 100°), and the proportion of acid yielded on saponi- 
fication . — c 



When the hydrolysis of the natural aconite bases is effected 
by heating with concentrated mineral acids, or even by water alone 
under high pleasure, the saponification is pieceded or accompanied 
by the removal of the elements of water and a formation of the 
so-called “ apo-bases,” preferably called anhydro-bases. The follow- 
ing table shows the relation of the apo- or anhydro-bases to their 
parent alkaloids, and exhibits the constitutional formulae of the 
former . — 

Alkaloid. Akhtdeo-base. 


( OH 

c 26 h 87 noJ 

(ococ 6 h 6 

t OH 

(oh 

Eeeuclaoonitinc. 


pi 

3 °i 
oi 
(o 


CO C 6 H 8 (OCH s ) 2 


Anhydro aconitine 


C 20 H a7 NOJ OH 

( 0 CO.C fl H 6 


Anfcydio aoonine 


c 26 h 87 ho 7 |oh 


Anhydro-pEeudaconitliK 

c 27 h 87 no 6 |oh 


0 CO.C 6 H 8 (OCH 8 ) 2 
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The anhydro-basee are best prepared by heating the parent 
alkaloids to 100° for six to ten hours with a saturated aqueous 
solution of tartaric acid On rendering the liquid alkaline with 
sodium bicarbonatp, and shaking with ether, the anhydro-base is 
dissolved, and may be obtained in crystals on evaporation of the 
ethereal solution 

In their physiological effeots, the anhydro -bases resemble the 
alkaloids from which they are derived Thus “ apo-acomtine,” or 
anhydio-acomtine, is extremely poisonous, while anliydro -acamne 
is nearly inactive 

Japacomtme, the natural alkaloid of Japanese aconite root, 
undergoes no further change when heated with tartaric acid, 
for it has the constitution of a scsquianhydro-derivative , — 

f° 

O^NO.jOCOOpHj 

C 26 H 3a N0 7 joCO.C a H s 


The hydrogen of the OH-groups of the anhydro-bases is capable 
of replacement by organic acid-iadioals Thus when pseudacomtine 
is heated to 100° for some hours with a largo excess of glacial acetic 
acid, it loses the elements of water, but the auhydro-baso formed 
is then furtliei acted on with foimation of acetyl-anhydro- 
pseudaconitme, which is a base crystallising (like the 
parent alkaloid and its anhydro-base) with 1H 2 0, forming a crys- 
talline nitrate and gold salt, and yielding acetic and dimethyl- 
piotocateckmc acids on saponification with alkalies Tko same 
pioduct is obtained if acotic anhydride he used m place of acetic 
acid , while, if benzoic anhydride he substituted the corresponding 
b o u z o y 1-d e r i v a 1 1 v e is produced "When aconitine is heated 
with benzoic anhydride it yields, m a similar manner, benzoyl- 
anbydroaconitme, a product which is apparently identical 
with that obtained by the action of benzoic anhydride on acoxune 


/OH 

Aconitine, .... C 20 H w NoJ 

( OBz 
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Auhydioacomtme, . . . C 2(1 IL, r NQ 7 

Benzoyl-ahhydroacoiutme or Di- ) „ „ „„ 
boiizoyl-anhydioaconme, } 58 B! 7 


f° 

•{ OH 
(oju 

f° 

{ OBz 
(OBz 


Japaconitme is converted by benzoic anhydride into a derivative 
containing four beuzoyl-gi oups, Bz) 4 The fact may 

he utilised foi distinguishing the alkaloid of Japanese aconite 
from tiue aconitine as described on page 221. 


Aconitine. Napacomtme Benzoyl-aconme 

Cs3 n 4l N0 12 , or C 26 H 87 N0 7 (0 H) s 0 CO.O ( ,H 6 . 

Aconitine is the crystalline alkaloid of the root of Aconitum 
Napdhis, Monk’s- hood or Wolf’s-bane (French, Goque- 
luclion , German, Eimihut, Sturmhut) It exists m combination 
with a c o n 1 1 1 c a ci d, C„H 0 O B (Yol I p 452). 

Aconitine is extremely difficult to obtain m a state of piuity, 
owing to the facility with which it is conveited into an a n h y d r o- 
basc, and suffers hydrolysis with formation of the amorphous 
base a c o n l n e, if a mineral acid be employed in its extraction. 1 

AldorWnght found that the whole of the alkaloid could be 
extracted by alcohol fiom Japanese aconite toot without the addition 
of any acid ; and the same appears to be true of the root of othei 
species of aconite Thus C F Bendei (Phai m. Centralbl., xxvi 

1 One of tlia best methods of pioparmg aconitine from aconite root is that of 
Duquosnel (Join Pimm ct Chimte, [4], xiv. 94), wlio exhausts the 
material in the cold with rectified spirit to which has been added a small 
amount of taitanc acid Tho alcoholio solution is distilled out of contact with 
the air at a temperature not exceeding 60° 0 , and the residue diluted with 
its own meosnio of water, and filteied fiom the piecipitated resinous and fatty 
mattois The acid liquid is next agitated with ethei oi potialeuiu spuit to 
remove colouimg-matteis, and then rendered alkaline with sodium bicarbonate, 
which precipitates the aconitine and a poition of the amorphous bases, a laige 
poition of the lattei lemnming in solution The piecipitated alkaloid is 
extracted by agitation with ethei, which, on evaporation or piecipitation by 
petroleum spirit, deposits tho base in cotomless rhombic tables, whioh some- 
times appeal hexagonal m consequence of the modification of the acuta angles 
The aconitine thus obtained is contaminated by an admixture of amoiphous 
alkaloid, which chugs to it with gieat obstinacy, and cannot be removed 
simply by crystallisation , hut by converting tlie base mto the hydrochloride, 
or preferably the hydrohronude, rcoiystallisuig the salt, and liberating tho 
alkaloid by sodium caibonate, a piodnct is obtained which, when reoiystal- 
lised fiom ethei, is very pure. 
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433) has applied extraction by unacidulated alcohol to the pre- 
paration of pure aconitine, and the B P process is baBed on the 
same principle. B Wright (Phrnm Jour , [3], xx. 375) found 
that chloroform alone did not extract nearly all the alkaloid from 
aconite root. By first moistening the loot with ammonia, drying 
it carefully, and then pdtcolating with chloroform, T B. Groves 
obtained a much better yield than with chloroform alone. J ohn 
Williams employed amyhc alcohol for extracting aconitine. 1 2 

Bor the final purification of acomtihe, D u n s t a n and Ince 
iJ our Ghent Soe , lix. 271) employed solution of the base in cold 
dilute hydiochlonc acid, and addition of auric chloride m quantity 
sufficient "to.piecipitate one-fifth of the alkaloid present. The 
amorphous alkaloid was wholly precipitated, and from the filtrate 
the pure aconitine was piocipitated by sodium carbonate, and 
when crystallised from ether-alcohol was obtained m large, flat, 
rhombic prisms with truncated ends, which appeared as hexagonal 
plates under the microscope a Dunstan and Ince (Jfur. Ghent. 
Soe, lix, 271) attribute to the pure aconitine obtained by the above 
method the composition C 33 H 46 N0 12 , which differs by H 2 from 
the formula of Alder Wright, but the method of combustion 
on which both formulae are based is scarcely delicate enough to 
decido between the two, and as hydrogen-determinations have 

1 The following is an outline of the method of preparing crystallised aconi- 
tine ultimately piaetised by J. ‘Williams (and posthumously published 
by Richards and Rogers, Chemist and Druggist, Feb 7, 1891), being an 
improvement on ijhe process previously desonbed by him {Phone Jmr , [8], 
xvui 238) • — The aconite root is coaisely ground and maceiated m the cold 
for three oi four days with nmyho alcohol, which solvent romoves both the 
free base and its salts. The solution is shaken with successive small quantities 
of watei slightly acidulated with sulphunc acid (J fluid ounce to the gallon), 
The last washings should retain a distinct acid leaotion, and the liquor should 
he examined to insure complete extraction of the alkaloid. The acid liquid 
is then shaken several tunes with washed ether, to remove amylic alcohol and 
ooloui lug-matter, and then gently warmed to dissipate the lemauung ether. 
When quite cold the solution is treated with sodium carbonate, and the pre- 
cipitated alkaloid filtered off, pressed, and dnod by exposure to air When 
dry, it is boiled for some time with ether (pievionsly washed with water and 
dried by potassium carbonate), and the solution filteied hot into a basm, 
when nearly the whole of the alkaloid will crystallise out The ring of un- 
crystalhsable gummy matter which forms at the edge of the dish can be 
dissolved by a little cold etliei, m which the orystals are only sparingly 
soluble, 

2 Tho microscopic appearance of aconitine is regaided liy Richards and 
R oge i s us the best and most chaiaoteristic test of the alkaloid ( Chemist amd 
Druggist, May 18 1889) Ci ystallisation is best effected from somewhat 
dilute alcohol 
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notoriously a tendency to be in excess of the truth, the H 43 formula 
is quite as probable as the other 

Aconitine is only very sparingly soluble m cold water, requiring 
726 parts at the ordinary temperatuie, accoidmg to Jurgens, 
and 'nearly ten times this proportion, according to J C U m n e y 
In hot water it dissolves mate freely, and is soluble m 24 parts of 
rectified spirit, readily in chlorofoim-aud benzene, and modeiately 
in ether ; but i? almost insoluble in carbon disulphide and petro- 
leum spirit, and is precipitated by the latter fiom its solution in 
benzene or ether. It is not extracted from its acidulatod solutions 
by any ot these solvents 

Aconitine has a slightly bitter taste, the intensity of which is 
said to he inversely as its purity It is extiemely poisonous 
Solutions, sufficiently dilute to he safely employed, cause a 
charactenstic tingling and numbness of the bps, tongue, and 
pharynx 1 

Pure aconitine is Btated by Duns tan and Ince to melt at 
186° 6 C (corrected), but Duquesnel gives 140°, Alder 
Wr i g li t 1 83°-184°, and Jurgens 179° The material of the 
earlier observers was probably sensibly impure, hut the want of con- 
cordance may he due in part to the mode of heating the alkaloid, 
Thus when slowly heated aconitine melts at a lower temperature 
than when heated quickly Duns tan and Ince recpxumend 
the use of a bath of paraffin, long enough to. entirely immerse 
the stem of the thermometer. The bath is heated to about 150°, 
before the thermometer with the thin glass tube containing the 
alkaloid is immersed, and is kept well stirred throughout the 
operation 2 

Aconitine in the free state is dextro-rotatoiy, a 3 peT cent 
solution m alcohol having a specific rotatory power of + 1 1° 1 for 
the sodium ray. On the other hand, the salts are kevo-rotatoiy, the 
hydrochloride in aqueous solution showing S„ = — 3 5° 9. Similarly 

1 Aconitine is probably the most violent poison known. giain is the 
ordinary medicinal dose, and fa gram a fatal dose for an adult In working 
with aconitine, great oare must he taken to avoid the action of tlio base and its 
salts, especially in the solid state. A minute finguiont of the dust, too small 
to be seen, if accidentally blown into the eye, sets up the most painful muta- 
tion and laclirymntion, lasting some hours , while, if inhaled, a like amount 
will produce great bronchial irritation or piofuae sneezing, and. considerable 
catank or sore throat (0 R. Aldoi W right) 

’ a Alder Wright states that aconitine melts in a capillary tube at 183°- 
184° (corrected) The final complete melting is preceded by a slight fritting 
beginning a few degrees below the melting-point, which is loweied by the 
presence of amorphous bases With pure aconitine very slight darkening 
ocours, hut it is more marked with impure material. 

VOh III PART n. 0 
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the crystalline bydrobroimde, C sri K Js 110 13 IIBr -)• 2| aq., gives 
S„= — 30° 5 in 2 per cent aqueous solution 

Salts of Aconitine 

Aconitine has well-marked basic properties, ana forms a series 
of crystallisable salts Caustic alkalies, fixed alkaline carbonates 
and ammonia (but nob ammonium carbonate or fixed alkaline 
bicarbonates), throw down the free base from the solutions oi its 
salts as a white flocculent precipitate practically insoluble in excess 
of the reagent 

The salts of aconitine with the mineral acids are neutral to 
melhyl-ornnge and rosolic acid, but may be titrated with stan- 
daid caustic alkali and phenolphthalein, just as if the acid existed 
in a free state 

Aconitine Aconitate exists ready-formod in aconite loot. It is 
gummy m appearance, and crystallises with difficulty. It dissolves 
in water, alcohol, amylic alcohol, and chloioform , and is partially 
precipitated from its solution m the last menstruum by the addition 
of ethei, 

Aconitine Nitrate is readily obtained by dissolving aconitine m 
dilute mtiic acid, and then adding gradually an excess of 'moder- 
ately strong nitric acid, when the salt separates m a bulky form, 
rendering the mixture semi-solid. 1 When pressed to separate the 
motbei-hqnor, and recrystalhsed from water, it forms rosettes or 
fine rhombic and shoit prismatic crystals, which are colourless and 
transparent, but slightly efflorescent. 

The aconitine nitrate thus prepared has a very anomalous com- 
position, 'containing as it does B 2 (HNO s ) s 2 The neutral nitrate, 
BHNO s , is obtainable as an amorphous residue by evaporating a 
solution in an equivalent quantity of dilute nitiio acid 

Aconitine mtiate is only sparingly soluble in cold water , hut 

‘According to J Williams (Year Book Phaim., 1886, 483), when 
aconitine is recovered fiom the nitrate pieparad m thia way it crystallises m 
a different manner from the ongmal alkaloid This experience is confirmed 
by Riohards and Rogers (Chemist and JOna/gwl, May 18, 1889, and Feb. 
14, 1S&1), who attnbnto a greatly increased physiological aotivity and slightly 
reduced melting point to the alkaloid thus recovered. This interesting result 
may possibly bo clue to the partial or complete conveision ot the original 
alkaloid into anliy droaconitme (page 213) by the action of the strong 
ncnl employed If this suggestion be well founded, the anhydroaoonitme 
could be separated as indicated on page 214 

2 A Juigens found crystallised aconitine nitrate, dried at 100°, by 
titration with canstio alkali and phenolphthalein, to contain a proportion of 
mtno acid corresponding to the sesipn-mtrate (12 71 pei cent ), while one- 
third of this was indicated by losolia acid (Inaugural Dissertation, Dorpat- 
1886) 
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it dissolves easily m -water satuiated with caihome acid, and 
gradually crystalhses as the gas escapes from the liquid. 

Aconitine Sulphate is obtained by evaporation of its solution at 
a gentle heat as a vitieous non-dcliquescent mass, which appeals 
under the mieioscope as a confused mass of crystals 

Aconitine Hydiobt amide, C^HjjjNO^HEr, crystallises readily in 
monoclmic tables containing, accoiding to Jurgens, 2\ aqua. 

Aconitine Hydioclilonde, C 83 H J5 lS T 0 1 . 21 HCl 1 is obtained by slow 
evapoiation of its solution in largo rhombic crystals which, accord- 
ing to Jurgens, contain 3 aqua 

Aconitine Awoclilonde , C 33 H 45 N0 12 ,HAuC 1, ( , is thrown down as 
a yellow amoiphous precipitate on adding aniic chloride to a 
solution of aconitine hydrochloride, 01 to the salt of the alkaloid 
to which sodium chlonde or hydioclilonc acid has been added 
The precipitate is formed even in veiy dilute solutions, and is only 
very sparingly soluble in dilute hydioclilonc acid. It dissolves 
readily in absolute alcohol, methyl alcohol, chloioform, and 
acetone, but less leadily m ether and dilute alcohol The com- 
pound can be crystallised fiom alcohol, the deposition being 
facilitated by the cautious addition of water When puie, aconitine 
aurochlonde melts at 135°’5 (coneeted), hut a very small propor- 
tion of impurity tends to leduce the melting-point to 130°, or less 
From a solution of impure aconitine hydrochloride, the impurities 
are thrown down first, on gradual addition of auric chloride 
Duns tan and Inee recommend the preparation of the auro- 
chloude and the determination of its melting-point as a reliable 
means of identifying aconitine, especially as the pure alkaloid can 
he readily recovered in a crystalline state from the compound 
The only successful method of effecting this, out of a large numbei 
tried, was to grind the auiochlonde to a fine powder with water, 
and add sulphuretted hydrogen water, diopby drop, till the gold is 
wholly precipitated as sulphide An excess of the reagent should 
he avoided The liquid is then filteied, a current of air passed to 
remove any slight excess of sulphuretted hydiogen, sodium bicar- 
bonate added in slight excess, and the libeiated alkaloid extracted 
by agitation with ether 

On mixing alcoholic solutions of free aconitine and auric chloride, 
and gradually adding watei, aconitine gold chloride, 
BAuC 1 3 , is precipitated. When lerrystalhsed from alcohol the 
compound melts at 129°. 

Chemical Reactions of Aconitine 

A solution of iodine m iodide of potassium produces ft reddish 
brown or yellowish amorphous precipitate, even m very dilute 
(1 , 20,000) acidulated solutions of aconitine Mayer’s reagent 
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precipitates aconitine solutions, if not more dilute than 1 in 10,000, 
and may be used foi the determination of the alkaloid Pkos- 
phomolybdic acid also precipitates moderately dilute solutions 
(1 5000), and if the aconitine be puie the precipitate dissolves 
m ammonia without blue coloration. Phosphotungstic acid behaves 
similarly. Piunc acid precipitates solutions which are not too 
dilute, hut mercuric chloride gives no reaction with aconitine 
solutions much below 1 per cent, m strength; while platmio chlo- 
ride, and potassium chromate, iodide, ferrocyamd'e and ferncyanide 
fail to precipitate aconitine solutions unless very concentrated. 

According to A Jurgens (Aich Pharm , [3], xxiv. 127, 172) 
aconitine can be identified under the microscope by dissolving a 
minute quantity m water acidulated with acetic acid, and adding a 
particle of potassium iodide. On allowing the solution to evaporate, 
characteristic crystals of aconitine hydnodide appear, and remain 
after adding water to dissolve the crystals of potassium iodide 
simultaneously formed. , 

An alcoholic solution of aconitine reduces silver nitrate, 'but no 
reduction ib produced by the salts of aconitine 

A mixture of solutions of potassium ferncyanide and ferric 
chloride is turned blue by aconitine. 

Aconitine, when pure, gives no marked colour-reactions, but as 
extiacted from the tincture and other pharmaceutical piepaiations, 
by adding an alkali and agitating with ether, it yields certain 
colour-ieactions winch are serviceable as supplementary tests for 
the aconitine-alkaloids generally (sec page 242) The most 
characteristic property of pure aconitine is its physiological action, 
which may he supplemented by the reactions with auric chloride, 
potassium iodide, and the formation of benzoic acid and acomne 
on saponification. 

As tests for the purity of aconitine, Alder Wright recom- 
mends the observation of the melting-point, supplemented by the 
following — The alkaloid is dissolved m a few drops of dilute 
acid, pure ether added, and then excess of sodium carbonate 
solution, the whole being well agitated in a stoppered bottle 
The ethereal solution is then separated and allowed to evaporate 
spontaneously When only a small volume is left, this is poured 
away from the deposited crystals, and allowed to evaporate com- 
pletely If the aconitine were tolerably pure, the last drops of the 
ethereal solution will leave a crystalline residue , hut if more 
than minute quantities of amorphous bases be present, these will 
accumulate m the ethereal mother-liquor, the last portions will 
leave a varnish or gummy residue on evaporation, 

When strictly put a, aconitine dissolves without colour in sulphuric 
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acid ; and on adding a few drops of concentiated syrup no red 
coloration should be produced, even after standing 90me time 

When heated for some hours to 100° C. with alcohol and caustic 
soda, aconitine should yield close on 20 per cent of benzoic acid, 
determined as on page 234 The resulting acid should melt at 
120°, and should not yield any protocatechuic aci'd on fusion at 
250° with caustic potash This and the other reactions described 
on page 219 distinguish aconitine from pseudaconituie. From 
japacomtme, aconitine can he distinguished by its crystalline form, 
by careful determination of the carbon and hydrogen (compare 
page 204), and by its behaviour with acetic and benzoic anhydrides 
In all other characters the two alkaloids closely correspond 

Aconitine is quite unchanged when heated to 100° m a vacuum, 
and but very slightly altered at 120° When kept for an hour at 
its melting-point it loses about 10 per cent of its weight, and the 
residue consists wholly of aconine, C 35 H 41 N0 1 , 

When aconitine ib heated with water to 100® for many hours 
in a sealed tube, it is hydrolysed with formation of aconine and 
benzoic acid •— C 35 H 46 N0 12 + D 2 0 = C 86 H 41 lS T O u + C 7 H 0 O 2 , 
The reaction is apt to be incomplete, only 85 per cent of the 
base being hydiolysed by heating with water m sealed tube to 
140° 0. for twenty-four hours By mere boiling with water under 
a reflux condenser for a few hours, the alkaloid is practically un- 
changed If ammonia be added to the water, a small but appre- 
ciable decomposition ensues. Solutions of potassium and sodium 
carbonates act more powerfully, some hydrolysis occurring even 
in the cold after prolonged standing, while on boiling nearly complete 
saponification into aconine and benzoate ensues. Caustic alkalies 
rapidly efleet the same decomposition, especially m alcoholic solution. 

When aconitine is heated with a dilute mineral acid (especially 
hydrochloric acid), the fhst action consists in the removal of the 
elements of water with formation of apo- or an liydro- 
acomtme, But this dehydration is rapidly 

succeeded by hydiolysis, and formation of aconine and ben- 
zoic acid, just as wl^en alkalies are employed On the other 
hand, the weaker organic acids do not effect this hydrolysis, or do 
so but very imperfectly. Thus aconitine yields no appreciable 
quantity of benzoic acid when heated to 100° C for ten hours, 
with a saturated aqueous solution of tartanc acid , hut this treat- 
ment effects the complete conversion of the alkaloid into apo- or 
an hydro - aconitine. 

ANHYDKO-AooNiTiira, C 38 H 48 NO n , is best obtained by heating 
aconitine to 100° with a saturated solution of taitane acid On 
evaporating the ethereal solution of the base it is obtained in 
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small colourlasa crystals, winch cohere and stick to the sides of 
the glass vessel in a characteristic manner. It melts at 186° 5, 
ic,2° lower than aconitine, and in othei respects (including its 
poisonous properties) closely resembles tho parent alkaloid. An- 
hydro-acomtme founs crystalline salts The aurochloride forms 
an amorphous pieeipitate which dissolves in absolute alcohol If 
the solution he evaporated in vacuo over calcium chloride, the 
compound BHAuCl 4 is deposited m crystals melting at 141°, 
hut if tho alcoholic solution be precipitated by gradual addition 
of water, the crystals deposited melt at 129°, and contain 
CjgHjgNOjyHAuC^+HjO "When this is recrystalhsed from 
dilute alcohol it is converted mto aconitine aurochloride, 
C ss Hj 5 N 0 12 ,H AuC 1 4 , melting at 135° 5 Anhydi oaconitme gold 
chloride, BAuCl s , is obtained by mixing alcoholic or ethereal 
solutions of the base and auric chloride It melts at 147°' 6, and 
shows no tendency to pass into the aconitine salt (Duns tan 
and I n c e, Jour Chem. Soo , lix. 284). 

Commercial aconitine is liable to contain the anhydro-base, 
which may he removed by converting the alkaloid into the 
liydiobromido, and crystallising the salt from water, when the salt 
of anhydro-aconituiQ remains m the mother-liquor. 

Aoonine, C 20 H 41 NO u , piobably occurs ready-foimed m aconite 
root, and ceitainly m other paits of the plant. It may he obtained 
pure by boiling aconitine with alcoholic potash or soda for some 
horns, distilling off the alcohol, acidulating the liquid with hydro- 
chloric acid, and removing the benzoic acid by agitation with 
ether On rendeiing the solution alkaline, and shaking with 
chloroform (aconme being leputodly insoluble m efchei), the base is 
taken up 1 On adding light petroleum gradually to tho chloroformie 
solution the aconme is precipitated The first portions are impuie, 
hut the last fraction is nearly fiee from colour, though still resinous 
and friable when dry. 

Aconme melts at 130°, is soluble in alcohol and chloroform, and 
somewhat soluble in water, but is insoluble m anhydrous ether, 
benzene, and petroleum spirit Both the free base and its salts 
resist all attempts to crystallise them. The solutions yield 
amoiphous precipitates with the usual alkaloidal leagents The 
aurochloride, BHAu01 4 , is a pale yellow amorphous precipitate, 
which is deposited in oloo-resmous films on evaporating its solu- 
tion m alcohol (D u n s t a n and I n e e, Jour Chem Sqc., lix, 286). 

1 The author’s experience is that if the alkaline liquid be shaken with ether, 
tho greater part of the basic saponiflcation-produot (aconme) is extracted, but 
that a small additional amount of base can be rocovered by subsequent agita- 
tion with chloroform 
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Tor the isolation of aconine fiom the mixed alkaloids of 
A. Najiellus, the liases aio dissolved 111 dilute acid, excess of 
potassium bicarbonate added, and the piecipitated aconitine filtered 
off or extracted by ether. The filtrate is slightly acidulated and 
precipitated by potassio-iodide of meicury, the precipitate sepa- 
lated, suspended in alcohol, and decomposed by sulphuretted 
liydiogen. On evaporating the filtered liquid, the aconine is 
obtained as a resin which cun be puiified by treatment with ether, 
to 1 amove colouiing-matfcer and othei alkaloids, solution m benzene, 
and precipitation by petioleum spirit. But the product is always 
amoiphous, and yields amorphous salts 

Aoomno is very bitter (far moie so than aconitine), but does not 
produce tingling of the gums, and has veiy little physiological 
activity (7^3 that of aconitine) It is also distinguished fiom 
aconitine by its unciystullisable chaiacter, its readier solubility m 
watei and insolubility in ether, and by not yielding benzoic acid 
when boiled with alcoholic potash or soda. It leduces gold and 
silver salts at the ordinary temperature and Folding's solution 
on heating It gives a bluo coloration when added to mixed 
solutions of feme ehlonde and potassium femcyanido 

Anhyclro- aconine, G s0 ]i 20 K'O 101 is obtained by heating aconine 
hydrochloride to 140° The base and salts are amorphous. It is 
bitter and v*ery feebly poisonous 

Amouphous Saponifiable Bases op Aoonitum Kapellus 
In addition to aconitine, the active and crystalline alkaloid of A 
NapeUus, and picraconitme, which appears to he occasionally piesent, 
indications of the presence of another saponifiable alkaloid have 
been met with by several observers. Thus Alder Wright and Luff 
(Jour. Chem Soo, xxxiu 318) found that the mother-liquors, 
from which ns much crystalline aconitine as possible had been 
separated, contained an amoiphous base showing C— 66'39, and 
11 = 7 94 pei cent, and which gave about 14 per cent of benzoic 
acid on saponification Wiight (private communication to the 
author) states that it is impossible to form any idea of the pio- 
portion of the amoiphous saponifiable base piesent, and does not 
regard his product ns a single alkaloid, but believes it still retained 
aconitine, which was prevented fiom crystallising by the amorphous 
bases present He thinks it piobable that the benzoic acid pro- 
duced on saponification was mainly derived from amorphous 
saponifiable bases, which may possibly liaye been m part pre- 
existent m the plant, but probably were chiefly altoration-pioducts 
of aconitine, just as the amoiphous base quimeme lesults from the 
alteration of quinine. 

A Juigens (Inaugural Dissertation, Dorpat, 18S5) has 
also isolated an amorphous saponifiable base from the root of 
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A Napellus, and found it to contain C = 67 74, H = 8 40 per cent., 
and to yield an unstated proportion of benzoic acid and a 
base allied to aconine on saponification 1 BHC1, BHBr, BHI, 
B 2 H 2 S0 4 , BHHO g and BHA were amorphous, but the very small 
quantity of material at disposal prevented any complete examina- 
tion of the alkaloid being made It is piobable that the amorphous 
saponifiable base of A Napellus bears the same relation to aconi- 
tine that quimcme beais to quinine, and is a polymende of the 
erystollisable alkaloid. Hence the name aoomoine would 
appear convenient and appropriate. 

J G Umney states that the amorphous saponifiable base of A 
Napellus produced no ill effects on him when taken in 1 giain 
doses. 


Pseudaconitine. Feracomtme. Veratroyl-pseudaconme, 
C 36 H 19 N0 12 , or C 27 II 37 N0 6 (0H) 3 O.CO.C 8 H s (OOH 8 ) 2 

Pseudaconitine is the characteristic crystalline alkaloid of 
Acomtum feios,, a native of the Himalayas, and is stated to be also 
present in A anthova, and other species , also, according to Alder 
Wnght, m small quantity m A napellus . 8 

I The remarks made by M r J o h n C Umney before the Butish Pharma- 
ceutical Confeience of 1891 ( Pharm , Jour., [8], xsu. 228, H7 , Chemist and 
Druggist, xxxix 293 , British and Colonial Druggist, xx. 210) contained 
various enoucous statements respecting the amorphous, saponifiable alkaloid 
of A napellus These statements, the reports of which Mr Umney has 
declined to coireot, conveyed to his auditors the false impression that the 
recognised proportion of the inactive, saponifiable base m question would 
suffice to double the proportion of banzoio acid pioduced on saponification, 
mid hence would invalidate anyproooas of assay based on that leaotion (see 
page 233), wheieasthe fact is thatm no investigation, the losults of which 
have been hitherto published, has the alleged maotive base been obtained free 
fiom aconitine, or m the considerable propoition erroneously asseited by Mr 
Umney, whose miatalcos appeal to havo arisen ill part through confusion be- 
tween the base in queatiou with amoiphous unsapomfiabla aconite bases. 

3 Accoubngto a more recent reseoich by Jurgens (Pham i Zeit , Sept 
1887), pun aconitine has a constitution intermediate between aconitine and 
acoDine, He Btates that picraconitme results from the splitting off of a 
single ben7oyl-radioal fiom aconitine, while the elimination of r two benzoyl- 
gionps results in the folmation of aoonme , but that m the decomposition 
of aconitine, not only benzoyl bnt methyl gioups are split off No detailed 
account of this suggestive investigation appears to have been published. 

II “ The repoit that Matson’s aconitine is pseudaconitine from. Himalaya 
hikh tubers is now toleiably well disposed of, smoe Morson has made it known 
that his aconitine is piepared fiom the tubers of cultivated Aeonitum 
Napellus" (Husemann, Pharrn. Zeit., 1884) At one time, Morson’s aconi- 
tine was certainly piepaied fiom A.ferox. 
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Pseudaconitme xa readily obtained pure by dissolving the 
mixture of alkaloids isolated fiom tlie loot of A feiox m 
dilute nitric acid, and then gradually droppuig m strong nitric 
acid with constant stirring, until, by tbe sepaiation of the nitrate 
of pseudaconitme, the liquid becomes thick It is then drained by 
means of a filter-pump, and washed slightly with water containing 
8 to 10 pei cent of mtno acid. If a perfectly pure salt be re- 
quited, the product is purified by re-solution m the least possible 
quantity of hot water, cooling, and dropping in stiong nitric acid 
till the salt crystallises , when it is drained, pressed, and tlie alka- 
loid liberated by treating the solution with sodium carbonate 
Crystallised pseudaconitme contains C 30 H 4B NO 12 -f EL.O, but the 
water of crystallisation is driven off below 100 0 . 1 

Pseudaconitme presents a close resemblance to aconitine, both 
in its chemical and physiological characters 2 It is, however, 
more soluble m alcohol and ether than the latter base, crystallises 
with 1 aqua, and melts without darkening at a considerably 
lower temperature The melting-point is about 104°-105° C,, 
but is not well maiked, fritting occurring a few degrees lower. 

When crystallised from ether, or a mixture of ethei with petro- 
leum spuit, pseudaconitme forms transparent needles and sandy 
crystals , but unless the evaporation is extiemely gradual the 
base is apt to sepaiate as a varnish at the upper edge of the 
solution, and soon forms a milk-white, cauliflower-like, crystalline 
efflorescence, 

Pseudaconitme and its salts (yrith the exception of the nitrate, 
BN0 8 + 3H 2 0, and anrochloride) crystallise with difficulty, and 
the crystallisation is impeded, or wholly prevented, by very small 
aclmixtuies of amorphous alkaloid or other impunty 

Paeudacomtine Aui ochlonde, BHAuC 1 4 , is distinctly crystalline 
when precipitated from a dilute solution After drying over 
sulphuric acid it can be readily crystallised from boiling alcohol 
m minute needles only sparingly soluble in cold alcohol and which 
are anhydrous when air-dned. 

Pseudaconitine Cliloi oplatmate is soluble with moderate facility 
in water, and hence is not precipitated except from strong solu- 
tions. The meicuro-todtde, BHgI 8 , is amorphous, white, and very 
sparingly soluble. 

1 Anhydio-pseudnComtme and acetyl-anhydro pseudaconitlne resemble the 
parent base m crystallising with 1H 2 0 

2 Pseudaconitme contains a somewhat different proportion of carbon from 
the other crystalline aconite bases, and the aurocliloride contains a somewhat 
diffejent percentage of gold, but the best defined Character of pseudaconitme 
is its behaviour on saponification 
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Pseudaeomtine la hydrolysed with great facility. The mere 
process of heating with dilute alcohol for the purpose of recrystal- 
lising it results m the production of a very sensible quantity of 
veratric acid and pseudacontne (page 219) Hence 
only a fraction of the alkaloid used crystallises out on cooling, and 
the mother-liquor yields veratric acid on acidifying, adding water, 
and shaking with ether If freshly-piecipitated p&eudacomtme be 
boiled with ammonia or sodium carbonate for a few minutes, and 
the solution then acidulated and shaken with ether, a considerable 
quantity of veratnc acid is dissolved out When boiled under a 
reflux condenser for some hours with alcoholic potash, pseudaconi- 
tine is entirely converted into veratric acid and pseud- 
aconme or the products of the further decomposition of this 
base. The proportion of veratnc acid obtained approximates 
closely to the theoretical amount (26 49 per cent )} 

By heating pseudaeomtine to 100° for some hours with a strong 
solution of tartaric aoid, it is completely converted into a n h y d r o- 
peeudaconitme, C SB H 47 NO u (page 205), a base which closely 
resembles the parent alkaloid. 

Veratmo Aoid, CgH^, or C(,H 3 (OCH a ) 2 .COOH 1 This body 
has the constitution ofadimethyl-protocatechuicacid 
It melts at 1 7 4 t> -175°, and can be sublimed, but is not volatile with 
steam. It dissolves in 2100 parts of cold water, and m 160 parts 
at the boiling-point, and crystallises from a concentrated solution 
at about 60° m anhydrous needlos, while crystals containing 1 aqua 
are deposited from very dilute solutions at any lower temperature, 
Veratric acid dissolves m alcohol and ether, and is readily extracted 

1 Possibly pseudaeomtine is not the only base contained in A ferae 
which yields dimethyl-protocateolnuc acid on Baponltioation. W i i g li t and 
Luff (Joui Chen Soc . , xxxiri 174), wlion piep, ning pure psoiidaoomttna 
mtiate by adding excess of mtuc aeul to the solution of the ciiide salt, 
obtained a nitrio aoid rnoLlm -liquor flow which no crystals could be obtained 
After dilution with water and sepuiation of the precipitated resinous matter, 
sodium caihonate fonned a copious preoipitale which m freely soluble m 
ether, but which could, not be made to crystallise or yield a crystalline salt. 
The base was reeoveiad from ether as a vainish, which on saponification 
yielded about 10 per cent of dimothyl-pratocatechuic acid, end was not 
destitute of physiological potency, though it produoed far less lip-tmglmg 
then pseudaeomtine, which can be leadily obtained pure by taking advantage 
of ita very slight aolubility m a liquid containing 8 to 10 per cent of nitric 
acid. Since pure psendaconitme yields 26J per cent, of veratnc aoid on 
saponification, Aldor Wught is of opinion that tins amorphous alkaloid 
probably consisted of about three-fourths ot pseudaeomtine and other 
saponifiable buses (possibly alteration-products of pseudaeomtine), and one- 
fouith of non-8aponifiable bases, the amorphous bases preventing the 
crystallisation of whatever pseudaeomtine was actually present. 
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by the latter solvent from its acidulated aqueous solution It pro- 
duces no coloiatiou with ferae chloride When exactly neutralised 
with ammonia it gives a characteristic gelatinous silver salt 
on addition of a strong solution of silvei nitrate When veiatnc 
acid is fused with caustic potash and a little water at about 250° 

C , pieferably m silver, it yields piotocatechuic acid, 
C 8 H 8 (OH) a COOH If the melt be dissolved m water, the solu- 
tion acidulated with liydroclilouc acid, shaken with ethei, and the 
ether separated and evaporated, the solution of the residual proto- 
cateehuic acid in warm water will be coloured an intense bluish 
green by ferae chloride, the colour changing to dark red on 
adding sodium caibonate (compaie Part I page 62). With 
ferrous sulphate, a noutial solution of a piotocatecliuate gives a 
violet coloration. 

The formation of piotocatechuic acid by fusion with caustic alkali 
forms a convenient test for psendaconitme It is only necessary 
to fuse the alkaloid with caustic potash and a little water at about 
250° m a silver spoon, acidulate the solution of the melt, extract 
with ethei, and test the ethereal leeidue with ferric chlonde 

Other reactions of pseudnconitine dependent on the veratroyl- 
group are the following — If a small quantity of the alkaloid and 
a few drops of fuming nitric acid be evapoiated to diyness, a 
yellow residue is obtained, which gives a beautiful purple-red 
colour when moistened with ft solution of caustic potash in abso- 
lute alcohoL If pseudaconitme be heated with concentrated 
sulphuric acid to 100°, and a drop or two of a solution of vanadium 
sulphate added, a violet-ied coloiation is produced. 

PsmjDAoointrai, C 27 II tt N0 8 , is contained m the aqueous liquid 
obtained by sapomfymg pseudaconitme with alcoholic potash, 
acidulating, and exti acting the veratnc acid by agitation with 
ethei It may be recovered by concentrating the solution, render- 
ing it alkaline by sodium carbonate, and agitating with ether 
The hose being moderately soluble in water, sodium caibonate 
produces no precipitate in dilute solutions , and under these cir- 
cumstances ether extracts the base veiy lmpoifcctly, but removes 
certain bye-products, and on subsequently concentrating the alka- 
line liquid the pseudacomne separates as ft lesinous mass The 
last portions are readily obtained by evapoiatmg the solution to 
dryness, and treating the lesidue with ether, while any aconmo 
and colouring-matters solublo in chloroform will be left undissolved. 

Pseudacomne is left as a transparent resinous varnish on evapo- 
ration of its alcoholic or ethereal solution. On standing a few 
days the him from ether becomes changed into a mass of crystal- 
line needles , hut this effect is prevented by the presence of small 
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quantities of ether, alcohol, or other foreign matters If the 
residue left on evaporating the etheieai solution he moistened with 
water a poition of the alkaloid dissolves, while the remainder 
becomes opaque, white and brittle, readily breaking up into 
particles having a pseudocrystalhne appearance. The formation 
of this apparently crystalline product seems to be peculiar to 
pseudacomne and lycoctomne 

Pseuilacomne dissolves m wntei to form a solution which is 
strongly alkaline and very bitter, but it produces no tingling of the 
skin or lips, and its poisonous properties are very feebly marked. 
The aqueous solution precipitates silver nitrate, the precipitate 
being induced on heating. It 'also reduces ammonio-nitrate of 
silver on boiling, hut it differs from, acomne and japaconme in not 
reducing hot Pehlmg’s solution, and by its solubility m ether 
Hone of the salts of pseudacomne have been obtained in a crystal- 
line state 


Japaconitine. Sesquianhydro-japaconitme 

( c 20 h 29 no 7 

CWW> n; or 0*? 


C 20 H 29 NO 7 


.CO.CjHj 

0.00 c 8 h 5 
0 


This base is the crystalline alkaloid of Japanese aconite root. 1 
It was first isolated by Paul and Kmgzott ( Year-Book 
Pharrn., 1877, 469), who ascribed to it the formula C 20 H 43 NO 0 . 
Lnbbe believes it to be identical with aconitine from A, 
Napellus, and to have the formula The formula 

CojHgaNjO^ is due to "W i i g h t and Luff (Jour Ghem Soe., 
xxxv. 387, Teat -Boole Pharm, 1878, 490), who showed it to 
form crystalhsable salts, and to be readily saponified with pioduo- 
tion of benzoic acid. As the alkaloid can be extracted from 
Japanese aconite root by alcohol alone, without the use of acid of 
any kind, it seems certain that the base has really the cunous 
constitution attributed to it, or else that the hypothetical parent- 
base of the formula C 38 H 47 !N'0 12 , or C 2fl H e9 N0 7 (0H) s C 7 H s 0 2 , 
suffers dehydration by the mere process of concentrating its 
alcoholic solution 

Japaconitine is readily obtained in long rhombic crystals, and 


1 At bast two distinct species of aconite are to be met with in the Japanese 
markets. Much of the root imported to England is said to have been steeped 
in salt and vinegar, and then diied ill wood-ashes and the sun, to protect it 
against decay and the ravages of insects In a loot so treated, the alkaloid 
would be liable to be materially modified (On " Japanese Aconite Epot," see 
Pharm. Jam , [3], x. 149, 1020 , xi 149, 361, 1021, 1041 ) 
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forms a crystallisable nitrate, hydrochloride and hydrobronudo 
These salts are readily obtained crystalline by adding the dilute 
acid to a powdered crystal of the alkaloid contained m a watch- 
glass, and stirring the mixture Solution to a clear fluid at first 
takes place, ,and on further stirring a crystalline magma is formed, 
just as ocems with aconitine Japaconitme is dibasic, the salts 
containing two molecules of acid. 

Japaconitme presents the closest resemblance to aconitine, both 
in its physical and chemical characters Its melting-point, 
184°-186°, differs only by a few degrees from that of aconitine 
The proportions of carbon and hydiogen (compare page 205), and 
the percentage of gold m the aurochloiide, are somewhat more 
tangible distinctions, but not of a very practical character The 
crystalline form, as observed under the micioscope, is a distinction 
of value, aconitine appearing m the form of hexagonal plates, and 
japaconitme m long columnar crystals (see lllustiationa to a paper 
by Richards and Rogers, Chemist and Di uqgist, May 18,1889) 

A method of distinguishing japaconitme from aconitine, and 
even of estimating the proportions of the two bases in a mixture, 
might be based on the behaviour of the alkaloids with benzoic 
anhydride. According toAldor Wright, when aconitine is 
heated to 100° for eight hours, with twice its weight of beu- 
zoic ahhydijde, it ib converted into diben2oyl-anhydro- 
a c o n i n e, C 2a H 37 N0 8 (C 7 H 5 0 2 ) 2 , whereas japaconitme, when simi- 
larly treated, yields a tetra-benzoylated derivative, 
C 26 H, 0 FO 7 (C 7 H 6 O 2 ) 4 On adding a minimum of alcohol to the 
product, and then agitating with aqueous tartaric acid and a huge 
volume of ether, the excess of benzoic anhydride with benzoic 
acid and certain impurities are dissolved by the ethei, while the 
sepai ated aqueous liquid, when rendered alkaline, yields to ether 
the benzoylated alkaloids, which can be weighed after evaporating 
the solvent. On saponifying this product with alcoholic potash 
(page 204), the aconitine derivative will jield 33 40 per cent of 
benzoic acid, while the benzoylated japaconitme will give 
SO 78 per cent of the same body 

Japaconitme forms no anhydro-base when heated with aqueous 
tartaric acid 

Jataoonine, C„ a TT 41 N'O 10 , closely resembles acomne (page 214), 
and can only be distinguished theiefrom by elementary analysis 

Picraconitine. O 81 H 45 NO 10 . 

This base was isolated by T. B Groves, together with aconi- 
tine, from a parcel of German roots purchased m 1874 as those of 
A. Napellus; but it appears doubtful whether there was not a 
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large admix turn of some other species, or -whether the roots -were 
not of abnoimnl chaiaefcei fiom some peculiarity of soil or climate. 
It 1ms newer been met with again, unless, as is not improbable, 
the bitter alkaloid of A particulalum consists of piciacomtiuo 
In any cnse, the possible piesence of picracomtiue m aconite root 
must not be ignored ; for, while the alkaloid resembles aconitine m 
yielding benzoic acid on saponification, it does not produce the 
bp-tinglmg so characteristic of the latter base, and is piactically 
inert physiologically, lialf-giain doses having been taken internally 
without the production of any marked symptoms. 

Picracomtmo is a bittei, amorphous ream, not fusible at 100°. 
The dilute solutions of its salts aie not precipitated by ammonia, 
or caustic or carbonated fixed alkaloids, except on the application 
of heat, when the alkaloid separates as a thick coagulum fusible m 
boiling water. Picracomtme is soluble m ether and chloroform 

Piaaconitme forms ciystallisable salts. The hydrochloride 
crystallises readily from hot solutions m fine needles. A 
moderately stieng solution of picracomtme hydrochloride, if satu- 
rated with ammonium chloride, becomes turbid on warming from 
a precipitate of the alkaloidal salt, which, on continuing the heat, 
is wholly deposited in fine needles The tost is also applicable 
to the nitrate, and probably to other salts of the alkaloid. 

Picracomtme gives no colom-ieactions with the usual leagents. 
Its solutions are precipitated by tannin and Mayer’s solution. 
The cliloi oplatinale is readily soluble, and the auiochloride forms 
a canary-yellow piecipitate, not perceptibly crystalline, and cxceed- 
mgly sparingly soluble in water. 

When boded with alcoholic potash, picracomtme is saponi- 
fied with formation of benzoic acid and piciacomne, 
C^H^NOj, an amorphous base nearly insoluble m ether, foiming 
amorphous salts, and otherwise piesentmg the closest resemblance 
to ftconme (compare footnote on page 216) 

Lyacomtine and Myoctonine. 

The root of Acomtum lycoctomm, a species of aconite growing 
in the Alps and Himalayas, beaiing yellow floweis, has been found 
to contain two alkaloids which differ from the bases isolated 
from other aconites So tar, the products of the decomposition of 
these bases by alkalies have not been fully studied, and some 
obscurity rests on other of their characters. 

Por the extraction of the bases of A, hjeodonum, D r a g e n- 
dorff and Spohn ( Pham Jour., [3], xv 104) exhaust the 
roots with alcohol acidulated with taitano acid. The tincture 
is concentrated, mixed withwatei, filtered, and repeatedly agitated 
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with ether while still acid. The ether removed traces of an acid 
resembling piotocatechuic acid, hut no benzoic acid could be 
detected The liquor separated from the ethei was treated with 
sodium bicaibonate and extracted with ether, which removed 
lyaconitine (113 pei cent.) Subsequent agitation with 
chloroform removed the remainder of the lyaconitine, together 
with myoctomne (0’8 pei cent). The successive treatment 
with ether and chloroform removed all but traces of alkaloid fimn 
the solution. Neither base could be obtamed crystallised. 

Lyaconitine 1 was obtained, after furthei purification by 
ether of the base extracted ns above, as a pole yellow resinous 
substance, yielding a white powder, and completely soluble m 
dilute acids After drying m vacuo, the base begins to melt at 
111° 7, and is completely fused at 114° 8 (corrected), with partial 
decomposition. It is spanngly soluble m water , very readily m 
absolute alcohol, cliloioiorm, caibon disulphide and benzeno , less 
readily m ether, and piactically insoluble in petroleum spmt. A 
10 per cent solution of the base in alcohol shows a dexfcro-rota- 
tion, S n = + 31° 5. An aqueous solution of the mtiato shows 
S D = +19° 4, 

The formula ascribed to lyaconitine by Drjgendorff and Spohn 
is C 2? H 84 N 2 O 0 + 2H 2 0 

None of the salts of lyaconitine have been obtained crystallised. 
The nitrate can be obtained and purified by dissolving the base m 
ether, and cautiously adding nitric acid mixed with ether The 
nitrate is precipitated, the first fraction carrying down any colounng- 
matter contained m the solution. 

With strong sulphuric acid, lyaconitme gives a reddish brown 
coloration, and with syrupy phosphoric acid a violet coloration 
on warming When treated with a mixture of 8 c c of water, 6 
of strong sulphuric acid, and 0 3 of sodium selenate, lyaconitme is 
coloured a rose or pale reddish violet — a leaction which is not 
exhibited by the bases from other species of aconite, 

Lyaconitme is incompletely precipitated by caustic potash, 
alkaline carbonates and ammonia Stiong caustic alkalies partially 
decompose it Thus, when warned for a few mmuteB to a tem- 
peiatuie of 35° C with a 4 pel cent, solution of caustic soda, 
lyaconitine dissolves, and crystalline lyaconme separates from 
the liquid, aud may he extracted by ether. By agitation with chloro- 
form a second base can he extracted, while lycoctomc 
acid and a resinous substance remain dissolved 2 

1 Also called lycacointme 

3 Lyaconitme and its salts being amoiphous, their composition cannot ba 
cons ulei ed well-established The loimula attributed to lyacmnno is lemark- 
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Lyaconihb, -r aqua, la apparently identical with 

the base described by Hubschmann under the name of lycoc- 
tonine}- It melts at 90°~92°, has an alkaline reaction, and an 
optical activity of S D = +46°'4 It is very soluble m alcohol and 
chloroform, less readily m ether and benzene, and dissolves m 
about 250 parts of water. Its solution has an alkaline reaction, 
exhibits a fine blue fluorescence, is coloured purple by chlorine- 
water, and is precipitated by the ordinary alkaloidal reagents 
The aurochlonde, platmochloride and nitrate of the base have 
been prepared 

Aooltotine, a base described by Hiibschmann, is probably 


able in containing an uneven number of atoms of hydiogen. Correcting it to 
contain H 40 , and attributing to lyaoomtine the formula C^HjoNjO,,, the pun- 
cipal reaction occurring by its reaction with soda would be • — 
aC w ByS' 1 0 6 + 2H a O » C a? H«T? a 0 7 + C»H JJ.Q, 

1 A specimen of “lycoctonine," fiom A lycoctonum, presented by 
Hubschmann to Plbckiger, is desenhed by the latter chemist ( Year- 
Book Pham , 1870, page 99, from Archn. dei Phann , cxei ) as being crystal- 
lised in perfectly white and distinct pnsms and needles, melting at 98°-101° 
without daihemng, and forming a transparent glassy mass on cooling. On 
contact with water this mass at once ciystalhsed. The base was soluble m 
alcohol, ether, chloroform, amyhc alcohol, petroleum spirit and carbon 
disulphide By lapid evaporation from these solvents, the alkaloid formed a 
vainish which ciyetallised on contact with water , but by slow evaporation 
crystalline tufts were obtained The aqueous solution of the haso had an 
alkaline leaction and intensely luttei taste. The physiological effects of 
lyeootonine were found to differ from those of the other aconite bases both in 
degioa and kind As a poison, lycoctonine was found much less energetic than 
aconitine. Maicuno chloride, platmic chloude, phospliomolybdic acid and 
iodide of potassium pioduced no piempitate in solutions of lyeootonine salts , 
but the boas was thrown down by tannin, iodised potassium iodide, bromine- 
water (which gave a precipitate of imoioscopic needles) and the double iodides 
of potassium with merorn y, bismuth and cadmium Potassium morcuro-iodide 
threw down a precipitate which oiystallised on standing, lu solutions of 1 m 
8000 no immediate effect was pioduced, but in about fifteen minutes beautiful 
crystals made then appearance ; and m a dilution of 1 in 20,000 they were 
foimed m twenty four houis The precipitate was readily soluble in alcohol 
and oiystallised very beautifully from the solution Mei euro bromide of 

potassium does not affect lycoctonine solutions unless very concentrated, but 
both it and the tnercuro iodide throw down amorphous piecipitatos from solu 
tions of aconitine, and do not affect na reotme solutions With potassio-iodide 
of bismuth lycoctonine framed a piecipitate ni a dilution of 1 m 40,000 
Sulphuric, nitnc and phosphoric aoids produced no colour-reactions The 
nitrate of lycoctonine crystallised m tables, the sulphate in pnsms Solutions 
of the salts were not precipitated by caustic oi carbonated alkalies, though the 
base itself was not notably soluble m alkah.ee. 
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identical with the second huso extracted by Dragendorff and 
Spohn from the pioduct of the action of caustic alkali on 
lyacomtme It is probably a product of the fuithei action of the 
alkali on lyaconme (lycoctomne) .It is described as a white 
powder, soluble m water, alcohol and chloioform, but insoluble m 
ether It forms white precipitates with tannin and lead acetate, 
and a yellow with auric chloride Its sulphate foims a white 
piecipitate with ammonium molybdate Acolyctuio produces 
physiological effects similar to those of myoctomne, hut less 
powerful. 

Lycoctonic Acid, 0 27 H 18 lsr 2 0 7 , produced by the action of alkalies 
on lyacomtme (01 by heating the base with water or dilute acid in 
a sealed tube), is crystallisable, and melts at 146°-148° It is 
sparingly soluble in watei, moderately m ether, and leadily m 
alcohol and chloiofoim. 

Myootoninb, according to Dragendorff and Spohn, has 
the formula C 27 H 80 N 2 O g + 5H 2 0, while Einbeig legaids it as 
+ the watei being lost on diymg in a current 
of an at 60 s It is amorphous, has a hittei hut not pungent 01 
tingling taste, melts at 143°— 144°, and is dextro-iotatory (S„ 
for the alkaloid in 10 pei cent solution m alcohol = +29° 5 , of 
the nitrate in aqueous solution 21° 2 ) It is difficultly soluble m 
water, hut very soluble m alcohol, amylic alcohol, acetic ethei, 
chloroform, benzene, and caibon disulphide Ether and petroleum 
spirit only dissolve traces of it. The salts refuse to crystallise. 
Myoctomne is precipitated by most of the general reagents for 
alkaloids m solutions not too dilute, and may be titrated by 
Mayer’s solution (lcc=00176 of alkaloid) 

An aqueous solution of myoctomne hydiochlonde gives with 
excess of bromine-water an amorphous, very sparingly soluble 
precipitate, said to contain O 40 H m Bi 2 N 2 O 12 

If a fragment of myoctomne he moistened with fuming nitric 
acid and dued, the residue acquues a leddish brown colour on 
adding a diop of alcoholic potash (compaie atiopme) 

On heating to 100° With a 4 per cent solution of soda, myoc- 
tonme is stated by Dragendorff and Spohn to behave 
similarly to lyacomtme, yielding lycoctonic acid, lya- 
c o n i n e, a base resembling acolyctme, anda f oui th pioduct 
of indefinite nature. The behaviour of myoctomne with caustic 
alkali has also been studied by E Em berg (Inaugural 
Disseitation, Dorpat, 1887). When myoctonme was heated on 
the water-bath with 4 per cent caustic soda solution, a spar- 
ingly soluble basic decomposition-product separated m crystals, 
which, when filtered off and purified, amounted to 24 per cent of 
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the myoctomne taken 1 The filtrate was brownish, and had a 
peculiai pungent smell When acidulated and shaken with ether, 
a body exhibiting a blue fluorescence was extiacted , and on 
evaporation 30 4-5 of a brownish senu-ciystallme residue was 
obtained, m which Emberg recognised benzoic acid as the 
main constituent The acid liquid, when rendered alkaline with 
sodium carbonate, yielded 11 84 per cent to ether and an additional 
8 89 per cent to chloroform, both solvents leaving amorphous 
yellowish brown residues on evaporation. 

According to Salmonowitz, myoctomne is a powerful poison 
resembling cuiare m its action, and acting most energetically when 
introduced duectly into the circulation The subcutaneous injec- 
tion of 0 075 gramme of the nitiato produced distinct toxic 
symptoms m cats, and the injection of 0 100 gramme always 
caused death in about half an hour Mica were killed in three 
minutes by a dose of 0 001 giamme 

Atisine. , or perhaps C 22 H S1 N0 2 2 

Atisine is the chaiactanstic alkaloid of Aconitum heteropkyllum, 
a species of aconite which glows m the moio temperate parts of 
the Himalayas 8 The atisine exists in the root m combination 
With acomtic acid 

Atisine is descuhed as white and uncrystallisahle, becoming 
oolouied and resinous on exposuie to air, and melting at 85° It 
1 To this base, after drying at 80°, Emberg ascribed the formula 0 M H 8B bTO a , 
and considoiod it identical with Hubechmann’s lycoctmune It melted at 94°, 
and had a rotation m absolute alcohol of +S&° 9 It beoame amorphous when 
melted, leassnnung the crystalline foim on contact with steam It dissolved 
m about 250 paits of natei, 4 of absolute alcohol, 3 4 of chloioform, 65 of 
otliei , and 63 of benzene, which characters agree with those asenbad by Hubsch- 
mann to lycoctomne The base foimed a ciystallino nitrate, very hygioscopio 
and easily soluble in watei Strong sulphuric acid coloured the base bright 
yellow, changed to a fine orange on warming. 

a The foimnla was deduced by the diseoverei of atisme, 

J Bioughton, from an analysis of the platinum salt It was confirmed ( *) 
by W a s o w i e 2 by caibon and hydiogen determinations on the free base and 
by analyses, tlio natuie of wlnoh are not stated, of the liydnodlde, which led 
to the formula C 18 H 74 N' a 0 1 ,HI+H.0 (sic) On the othei hand, O B Alder 
Wnght found that the formula agieed better with determinations 

of enibon, hydrogen, nitrogen and gold m the auioohlonde of the base ex- 
tracted by linn fi om a small hatch of Atis roots ( Year -Boole Phann ,1879, 422) 
s d heterophyllwn bears floweis which are either wholly blue, or of a dirty 
yellow with pm plo stupes In the bazaars of India the root is sold commonly 
as a populai bittei tonic, undei the name of Ahs or Atees root ThB plant and 
root of A heteiophi/llitm have bcon fully described and figuied byWaeowioz 
(Bharm Jour , [3], x 301, 341, 463) The root is appaiently identical with 
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has a strong, pure, hitter taste, without any acrid or burning after- 
taste, and is not poisonous The alkaloid is but little soluble in 
water or dilute spirit, hut readily m strong alcohol, ether and 
benzene. When the alcoholic solution is strongly diluted with 
water, the greater part of the alkaloid is precipitated, and the 
liquid froths strongly on agitation 

According to W a s o w 1 c z, strong sulphuuc acid colours atismo 
a famt violet, which changes to led and dirty blown. Nilue acid 
pioduces a brown, sulphuric acid a led, and potassium hicluomate a 
giean coloration, with a distinct reddish violet zone S h ini o y a m a 
( Phavn Jour , [3], xxvi 86) obtained with some of the alkaloid 
prepared by Wasowicz a yellowish solution m coucontiated 
sulphuuc acid, gradually changing to a magnificent purple-red, 
which lasted several days, but became momentaiily violet on adding 
a diop of water No coloration was produced by nitric or hydro- 
chloric acid Phosphouc acid dissolved the alkaloid without 
colour, hut on waimnig the solution foi some minutes it began to 
show a yellowish violet colour, Sulphuuc acid and sugai pioducud 
at first a yellowish coloui, which, after a few minutes, changed to 
yellowish red and then to carmnie-ied. 

The sulphate, mtinte and acetate of atismo do not appear to 
crystallise, but the hydiochlonde, liydiobromide and hydnodido 
are oiystallisahle and spaungly soluble salts 

Ammonia precipitates atisrne from the solutions of its salts in 
white flocks Tannin gives a yellowish brown precipitate, and 
potassio-mercurio iodide a white precipitate, dissolving m alcohol 
to a solution which leaves a distinctly crystalline mass on 
evaporation, 

Atmne Hyd) iodide, BHI -f H 2 0 When the precipitate af 
atisrne merr mo-iodide is suspended in water, and decomposed by 
sulphuretted hydrogen, sliming poarly scales of atisrne hydiiodnle 
are deposited These dissolve m a sufficiency of hot water, and 
aie deposited again oil cooling' 1 The salt dissolves m 318 paits 
of water at 20°, and is very sparingly soluble in alcohol 

Atisrne Uydrochloi ide is a white ciystallmc powder, more 

“wakmah” or “lukmah,” the former of winch is Togaided byRoyle as the 
tubei of tlio poisonous A palmatwn, a view which Shimoyama {I‘lun m 
Jow , [8], xvi 86) legards as highly impiobahle In anatomical chal acters, 
wakmak and atis roots exactly conospoml, and they yield tha same alkaloid 
1 When the mother-liquor is concentrated to a point at wluoh no more crystals 
ore deposited on cooling, It still yields a piecipitato with potassio-iodido of 
mercury, the alcoholic solution of which loaves an uncrystallisobla residue on 
evaporation. This behaviour appears to point towards the presence of a 
second alkaloid. 
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soluble in water than the hydriodide It has a strong bitter taste, 
hut is free fiom the disagreeable after-taste of the latter salt 

Assay of Aconite and its Preparations. 

The analytical assay and valuation of the alkaloids and other 
preparations of aconite yield very unsatisfactory results, not so 
much from the difficulty of isolating and identifying the alkaloids 
present, as from the uncertainty which exists between the amount 
and nature of the alkaloids obtained, and the physiological activity 
of the preparations yielding them The most conflicting state- 
ments have been made respecting the relative activity of the actual 
alkaloids, even when these have been isolated in a crystalline con- 
dition , hut the evidence of later observers, especially M a n d e 1 1 n 
(Pirn m Jam , [3], xvi. 781), tends to show that the experiences 
of the earlier experimenters were due m part to the use of 
preparations containing a notable proportion of amorphous and 
relatively inert bases, to an insufficient number of physiological 
experiments, and ignorance of the fact that the age, sex, and general 
condition of an animal, besides its individual idiosynorasy, materially 
affects its susceptibility to the poison Man, again, is evidently 
more sensitive to aconitine than cats oi dogs, and appaiently 
old people aie more susceptible than young (compute page 236) 

As a means of judging of the quality of aconite root, E E. 
Squibb ( Ephema-is , 1 125) recommends that a thin slice of 
definite section should he chewed m the lips, and the strength and 
length of the tingling sensation noted. A. B Lyons has 
modified this test by employing one diop of a 10 per cent tincture 
of the root For liquid preparations, Squibb places 1 fluid 
drachm of a solution of the drug in the anterior part of the mouth, 
previously rmsed with watei, and holds it there for one mmuto, 
when the mouth is emptied and again rinsed A tenth of a 
minim of o 1 m 1 fluid extract, when examined m this way, 
should produce a distinct aconite sensation not amounting to 
tingling, but very suggestive of it, and continuing more or less for 
fifteen to thirty minutes. 

The total alkaloids contained in aconite toot can be ascertained 
by processes substantially identical with those employed in preparing 
aconitine The details of manipulation to be preferred have been 
investigated ' by E H Earr and E Wright (Pharm Jour, 
[3], xxi 1037), They recommend the exhaustion of the root by 
continuous percolation One ounce (or 20 grammes) of the drug, 
reduced to coarse powder, is moistened with spirit of 0‘890 
specific gravity (which is preferable to either stronger or weaker 
alcohol), and pooked m a conical percolator, when more of the 
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menstruum is gradually added, and percolation allowed to proceed 
slowly but continuously until 8 fluid ounces for 160 cc) of 
percolate lias been obtaiuecL 

The tmctme of aconite thus obtained is then evaporated ovei 
hot water to a low bulk, till all the alcohol is duven off The 
residual liquid is allowed to cool ; some water added, if necessary, to 
reduce the viscosity , and then treated with 1 5 c c, of decmormal 
sulphuric acid. The liquid is then filtered , the piecipitate washed 
with acidulated water , and the filtrate shaken twice with chloro- 
form to remove coloumig-mntter The separated chloroform is 
shaken with acidulated water to remove adheient traces of alkaloid, 
the aqueous liquid being added to the mam quantity. The 
allcaloidal solution is then treated with a slight excess of potassium 
caibonate, and the alkaloids extincted hy two agitations with 
chloroform, UBmg 30 to 40 c c. each time The separated chloro- 
foimic solution is washed with a little distilled water, and then 
evapoiated or distilled ovei hot water, the residual alkaloids being 
dued at 1 00° C till constant m weight The alkaloids thus obtained 
are almost white, and vitieous m appeaiance. Prolonged exposure 
at the boiling-point of water causes a slight darkening in colour 1 

Tho following proportions of total alkaloids were obtained by 
Pair and Wright hy the above process No 1 sample was a 
root of Japanese origin 5 one sample was of unknown oiigm , and 
the rest were roots of A Napellus grown m Germany The 
mi; active mattes shown m the table was determined hy evaporating 
a measured quantity of tho tincture ovei hot water, and drying 
the residue at 100 °. 


moo or Tinotdre. 


These results show a much bettei yield of total alkaloids than 
1 The foregoing process is, of ooureo, dnectly applicable to commercial 
tincture and liniment of aconite The extract slionld be treated with alcohol, 
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•was obtained from the root of A Napellus by C. E Alder Wright, 
who extracted only 07 per cent, of which 03 per cent was 
obtained m a distinctly crystalline form 1 Fiom the root of 
Japanese aconite, Alder Wright obtained 0 25 per cent of 
total alkaloids, of which 0'08 was ciystallised H,a g e i found from 
0 05 to 0 40 of cryatallisable alkaloid, with a total yield of 0 64 
to 1 25 per cent. W Proctor found 0 - 46 per cent of total 
alkaloid m American root (A Napellus), but only 0 20 m root of 
G-eiinan growth. Fiom the flowers of A pammlatnm, E L 
Cleaver extracted 0 9 per cent, of total alkaloids (bitter, not 
tingling) , fiom the leaves 0 1 per cent , and from the extract of 
the whole plant 0 3 per cent. E i c h a r d s and Rogers 
(Chemist and Diuqgist, Fob. 14, 1891) extracted 0 57 per cent of 
crystallised aconitine fiom dry Japanese aconite root, 014 per 
cent from dry loot of A Napellus, and 0 71 per cent from fresh 
roots (both wild and cultivated) of the same species These 
* results suggest a notable loss of (ciystallisable) alkaloid during the 
process of drying. 

All the foiegoing estimations were made by fairly reliable 
methods, and show that the proportion of alkaloids in aconite 
vanes widoly, being piobably largely affected by tho time of 
collection, the age of the plant, and possibly by the climate and 
soil The method of extraction piofoundly affects the nature as 
well as the amount of alkaloids obtained , any heat or employment 
of mineral acids tending to effect hydrolysis of the crystalline 
alkaloids with foimation of amorphous bases 

A. B Lyons found the moistme of aconite loot to tango from 
8 2 to 1 1 2 pci cent , and the extractive yielded to alcohol to vary 
from 9 3 to 19 8 per cent The alkaloid fiom 10 grammes of the 
root required from 3 7 to 10’8 c.c, of ~ Mayei’s solution for its 
precipitation 

A striking example of the effect of the process of extraction 
on the character and proportion of the alkaloids obtained is 
afforded by the following results of C Schneider (Ai chtv 
der Pharm , ccxix. No, 5), obtained with the same sample of 
aconite root : — 

and the liquid Altered and proceeded with like that percolated from the root 
The ointment can he treated amularly, Tho leaves and other ptuts of the 
aconite plant can be assayed m a mannei similar to that employed foi tho 
root 

1 A still smaller yield of alkaloid was obtained by Alder 'Wiight and 
Rennie fiom the fresh (English) herb (flowers, leaves and stalks), namely, 
about 0 OB per cent, calculated on the dry herb, and of this only a small 
fraction could be obtained mystalhsed (Year-Book Pham., 1880, 466) 
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Pi ocess Employed. 


Character of Alkaloid 


British riiarmacapmin (1807), 
Morton's, 

Hlrzei's, . . 


Light yellow powder 


127 

0010 


Wittsteln's, 

Eottot M«l Ltdgola’, 


Will formed, isolated, sli-sided 
tablets 
Crystals. 

I WeU-dcvoloped crystala 


•200 


The good lesulls obtained by Duquosnel’s pi ocess were 
doubtless due to extraction by poi eolation with cold alcohol, ' 
acidulated with tartaric acid, while all the othpis employ more or 
less heat, some with and some u ithout sulphuiie aad 

A solution of potassio-iodule of mcicuiy (May ei’s lengent) 
may be employed foi the volumetiic deteiranmtion of au unto 
alkaloids m acid solution. The difficulty attending tho use of the 
process is the unceitamty of the factor to he employed wlieic there 
is no knowledge of the composition of the alkaloid piemut 1 

Mayer’s reagent may be used for the cmiceutintinn of the 
aconite bases, The piccipitate is filtered oft, washed, suspended 
in water, and decomposed by a stieam of sulphuietted hydrogen. 
The filtered liquid is treated with an alkaline caihonate, and 
shaken with ether oi chloroform; the extracted base being lecoveied 
by evaporation in the usual way * 

"Where the alkaloids of aconite have been ex ti acted and obtained 
m a fanly pure condition, they may be deteimmed by titration 
with standard acid and methyl-orange. Opeiatmg m the manner 
descubed on page 131, the author found that very accurate deter- 
minations could he made Thus 30 milhgiammea of crystallised. 

1 By titiation with Mayor’s reagent, Zmoffslcy examined the aconites 
cultivated at Doipat in 1871 Of the portions of the plants above giound ho 
found the flowers always lichost and the stalks pooiest m alkaloid, the lowest 
occupying nn intermediate place, and containing, when fiesh, about 80 pci 
cent of water, and from 0 167 to 0 271 per cent of alkaloid The highest 
proportion of alkaloid was 0 729, found ill the fiesli floweis (collected at the 
end of July) from A. Stoei cl lanum By tho assay, appoiontly hy Mayei’s 
solution, of entire aconite plants (including the loots) collected at Doipat 
Botanical Gardens m June 1871, F Diagendoiff (Quelqiies Drogue* 
Actives) found proportions of alkaloid ranging fiom 0 05 d to 0’327 per cent, 
in the fiesh substance containing about 80 per cent, of watei, and from 0 195 
to 0‘844 calculated on the diy material 

2 In a private communication to the author, Aldei Wnglit states that 
thoio is some leason foi supposing that the crystallisable bases aie apt to be 
mole or less alteied by this tieatment, and lendcred unoryBtallisable. 
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aconitine was dissolved m 15 cc of (neutial) ether, 3 ,ec. of 
water containing a diop of a ^ per cent, solution of methyl- 
orange (previously rendered sensibly pink by a minute addition of 
acid) added, and hydrochloric acid dropped m from an accurately 
divided pipette, shaking well after each addition, till a permanent 
red coloration of the aqueous layer was obtained. Two experi- 
ments made in this manner showed 29 9 and 31 0 milligrammes 
of aconitine, against 30 taken , while 30 milligrammes of japaconi- 
tine (not quite pure) shouted 29 8 by titration. 


14 H 
10 46 
Vi 44 
10 64 


pseudaconitine 

pseodacomne 

^aconitine. 

japaconme. 


The determination of the total alkaloids of an aconite prepara- 
tion is in itself of little value if any as a criteuon of its activity. 
It is rather the fiist step m the process of assay, the potency of the 
preparation substantially depending on the results subsequently 
obtained. 1 


1 Whole the amount of material is sufficient it is very desirable to isolate 
tlie ciystalhsable alkaloid , and it this could be effected with an approach to 
quantitative aoouiacy, it would probably furnish the most leliable enterion of 
the physiological activity of the substance. In practice, however, very gieat 
difficulties atteud such a method of examination In the fiist place, theie is 
always a dangei that the maximum yield of crystals may not be obtained, and 
hence that the activity of the prepaiatlon will be senously under-estimated 
But, apait fiom tins souiee of eiror, there exists the grave difficulty that the 
amount of substance which is commonly available, or cun be conveniently 
submitted to examination, yields a quantity of total alkaloids far too small to 
render any method based on crystallisation piactically available 
In the manufactiuiug laboiatoiy, wheie compel atively lergo quantities -of 
matenabare available, a good and simple method of effecting at least a paitial 
sepamtaon of the crystallisable alkaloids, and which has the advantage of bemg 
equally applicable to aconitine, pseudacomtine and japacomtwe, is as follows — 
The etlieioal residue is redissolved in ether in a small beakei. The solution is 
then staled with a glass rod which has been dipped m nitno acid, or with a 
pipette fiom the orifice of which the acid is allowed to tnckle very slowly. 
At each addition of the acid a white cloud of the alkaloidal nitrate will be 
produced, wlnoh ceases to appear when the acid has been added m excess 
After standing a few minutes, all the nitrate formed collects as a crystalline 
mass on the bottom and sides of the beaker, and the etliei may be ponied off. 
The nitrate may be pnnfied by dissolving it m a minimum of hot watei, 
allowing the liquid to become cold, and then adding mtrio acid, drop by diop, 
with constant Stirling, until no further separation of crystals takes place 
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The, only principle of assay hitherto pioposed foi the aconite 
alkaloids, making any attempt to discriminate between them and 
estimate the activity of a mixture, is that based on saponification 
of the active bases A method of this kind wus suggested by 
AlderW right, who pioved that the saponification of aconitine, 
pseudftconitmp and japaconitme occurred with a near approach 
to quantitative accuracy (page 204). 

A method of assay based on the saponification of the crystallis- 
able, alkaloids of aconite, has the great advantage of distinguishing 
sharply between the three principal poisonous aconite bases on the 
one hand, and the comparatively inactive pioducts of their decom- 
position on the other As it is geneially accepted that acomne 
has only of the physiological activity of aconitine, and that 
japacomne and psendacomno beai a similar relation to their respec- 
tive parent alkaloids, it may be assumed that the activity of a 
mixture of acomlo alkaloids is substantially represented by the 
proportion of crystallisable saponifiable base present, 1 and, there- 
fore, the determination of the latter with reasonable accuracy is a 
considerable advance ton ards the solution of the pioblem of the 
assay of aconite preparations 2 

The salt is then drained and piessed between filter-paper, dissolved in warm 
water, sodium bicarbonate added, the liberated alkaloid extracted with ethei, 
the ethereal solution separated and evaporated, and the residue weighed. 

1 It is true that the bitter non-poisonons alkaloid, picincomtino, is saponi- 
fiable , but it has only been met with on one occasion (1874, see page 221), 
unless it is identical with the imperfeotly-oxammed hitter alkaloid obtained 
by E L, Oleaver from the loot of A paniculatiim Lyaaomtine and 
inyootonme, the amorphous alkaloids of A, lycoetonwn, are saponifiable, but 
are of no practical interest Both AldeT W light and A. Jurgens 
found a small quantity of an amorphous saponifiable alkaloid m A Napellus, 
and J C Umney has stated that unpublished experiments of Ins confirm 
this conclusion But neithei Wright nor Jurgens succeeded m piopaung 
the base in question quite free from aconitine, and the quantity isolated was 
too small to allow of complete examination. How fai theso httle-known 
bodies have a practical bearing on the lapomfication-prooess of assay is uncer- 
tain, and hence the results must be legaided as tentative, except where the 
method is applied to the alkaloid previously obtained in a crystallised stato 

s Alder Wright holds strongly that all galenical prepaiations ot aconite 
andamoiphous alkaloids should be abandoned, and only well orystallisod alka- 
loids or then salts employed 

It is a giave scandal that, although the enoimons difference in physiological 
potency between the crystalline alkaloids of the aconites and the amorphous 
bases associated with them, or produced by their decomposition, has bean long 
recognised, and become geneially known, and while ciystallme aconitine can 
he readily prepared, that a pi operation should still be sold uinlci the name of 
“aconitine” which is not crystallised, and contains a lmge pioportion of 
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Alder Wright's saponification expenments were made on 
comparatively large quantities of the alkaloids , but to he of any 
practical value the method of assay must be available with a 
quantity of aconite bases not exceedmg 50 milligrammes, and 
should even he applicable with halt that quantity The author 
has succeeded in making very satisfactory determinations on these 
small quantities by the following method of opeiatmg, which may 
be conveniently applied either to an ether 01 chloroform lesidue, 
or to the liquid lesultuig from the titration of either of these with 
standard acid and methyl-orange, as already described The 
lesidue 01 solution, containing 30 to 80 milligrammes of alkaloid, 
is tieated with 20 c o of rectified spmt (neutral to phenolphthalem) 
and 3 e e of a solution of caustic soda m an equal weight of water 
The liquid is then boiled for an horn m a flask undei a reflux 
condenser, after which the alcohol is distilled off, and the residual 
liquid acidulated with hydrochloric acid Tho liberated benzoic 
or veratnc acid is extiacted by agitation with about 15 cc of 
ether, and the ethereal solution separated and washed with succes- 
sive small quantities of water, until the washings show then 
fieedom from muieial acid by ceasing to redden litmus The 
ethereal liquid is then separated and transferred to a small stoppeied 
cylinder (25 c c capacity) , about 5 c c of water faintly colomed 
with phenolphthalem added , and fa normal bavyla-watei dropped 
in flora a finely-divided pipette until the aqueous layer acquires 
a pmk coloui, which is not destroyed by agitation with the ethereal 
stratum 

Fiorn the volume of standard baiyta consumed, the amount of 
aromatic acid lesultmg ftom the saponification can be calculated. 
One c c of 5. baiyta ncutialises 2 44 milligrammes of benzoic acid, 
or 3 64 milligrammes of veiatiic (dimethyl-piolocatechuic) acid. 
Although these acids have different combining weights, the volumes 
of alkali neutralised by equivalent weights of them aie, of course, 
identical ; and hence no grave diffeience lesults in calculating the 
saponifiable alkaloid, whether benzoic or veiatno acid has been pio- 
duced by the saponification Thus — 

Ice of jj baryta lepiesents 12 04 milligrammes of aconitine saponified 
ii ii 14‘14 „ pseudaconitme saponified, 

n i, 12 44 ,, japaeomtmo saponified 

In three experiments, wheie a weight of 30 milligra mm es of the 
practically inactive base It is a question whether the sale of snob an impure 
piepaialion as “aconitine’’ is not an mfnngemont of the Sale of Food and 
Diugs Act, notwithstanding that the Bi dish Phanmcopmia officially lecog- 
uises the indefinite mixture as “aconitine,’' and descubes it as “usually 
amorphous.” 



ASSAY OF ACONITE ALKALOIDS. 


235 


same sample of crystallised aconitine was saponified, the baiyta 
solution used represented 31 6, 28 3 and 30 9 of the alkaloid In 
the case of japacoiutme (not quite pure) the pioce&s indicated 29 8, 
against 30 milligrammes taken 

If desired, the titration being completed, liydiochlonc acid may 
be added, when the aromatic acid will be liberated and ledissolved 
by the ether On separating this solution and allowing it to 
evaporate spontaneously, the weight of the acid may he aseei tamed 
and its meltmg-pomt observed, or the ether may bo separated 
from the aqueous liquid, and the latter acidulated, largely diluted 
and distilled, when a separation of the heuzoic and veiatnc acids 
will be ellected, the foimer volatilising with the steam and the 
lattei remaining m the retoit This dilfeioncu of behaviour 
enables pseudaconitme to be recognised and estimated m piesonce 
of aconitine and japucnmtine 

By the foiegomg method of assaying the mixed alkaloids fiorn 
the tinctuie of A. Napt'lhn root, 1 G Ji Scott-Smilh obtained 
m the author’s laboratory tlio followiug lesults — 



by rendering the liquid alkaline with sodium carbonate oi caustic 
soda, and agitating with cthei or chloioform The lattei solvent 
extracts a trifling further quantity from the liquid which has 
already been treated with ether The tew expeinnents made m 
this direction in the authoi’s laboratoiy gave somewhat erratic 
results, probably owing to the imperfect extraction of the bases by 
immiscible solvents, and the fuithei action of tho caustic allcall 
on them. 

1 The alkaloids fiom a tincture picpaied from the loot of A fa ax gave, for 
76 7 milligrammes takon —By titration, 74 9 of alkaloid, calculated as psend- 
aoomtme , saponified, 14 3 milligrammes of voratue acid by titration, against 
a weight of 13 0 extracted by ethei The former result repiesents 66 1 of 
pseudaconitme, leaving 21 6 of unsapomfiable alkaloid Tho basic pioduct of 
the saponification extracted by other, followed by chloiofoim, fiom tho alkaline 
residue, amounted to 18 6 milligrammes, and neutralised acid equivalent to 
61 4 of pseudaconme, or 69 4 of pseudaconitme 
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Poisoning of liuman beings by pure aconitine has been of 
comparatively raio occurrence, but there have been numerous cases 
of poisoning by the roots, leaves, and galenical preparations of 
aconite, the greater numhei being the result of accident 1 * The 
root has been occasionally eaten in mistake for horse-radish, •which 
it somewhat resembles (compaie page 199) 

The medicinal dose of the B P tincture of aconite is from 5 to 
1 5 minims. A. "Wynter Blyth considers twice the maximum 
dose, or 30 minims, likely to he fatal to an adult, though the least 
fatal dose is usually stated at above twice this measure Fleming’ a 
tincture of aconite is fioni three to six times the strength of the 
BP piepaiatmu s The BP liniment is eight times as stiong 
as the tincture 3 The fatal dose of aconitine is difficult to fix, as in 
the few cases m which a fatal dose of the pure alkaloid has been 
administered the quantity taken has nut been known , and in the 
eases ol poisoning by pieparations of aconite there is the greatest 
uncertainty as to the amount of alkaloid contained therein. 
Headland considers gram of aconitine an ordinary fatal dose 
for an adult, and ^ gram of the nitrate has actually caused death. 
Death appears to have been caused in one hour by 0 0005 gramme 
of aconitine (Pluirm Jow , [3], xx 734) Wy liter Blyth con- 
siders 002 giammc or '03 gram the minimum fatal dose for an 
aclult, when the poison is taken by the mouth , but that if given 
hypodounirally, 0 0016 gramme would piobably kill, since the 
whole of the poison is then thiown on the cnculation at one time, 
and there is no chance of its elimination by vonutmg Pereira 
relates a case m which ^ giam neaily proved fatal to an ehleily lady 
Kecovery has occuired afteT taking 2| grains, but m this case 
there was violent vomiting immediately, and most dangerous 

1 A Wy liter Blyth, in his woik on Poisons, states that he had 
collected from Euiopoan liteialuio, of tho ten years prior to 1874, eighty-seven 
coses of poisoning hy acomto in some foim oi othei In these weie two oases 
of murder, seven of suicide, and seventy seven more or less accidental Six of 
tlie oases weie from the use of the alkaloid itsolf , ten fiom the loot , in two 
cases children eat the floweis , m one case the leaves of the plant wero cooked 
and eaten hy mistake , in seven the tincture was mistaken foi sherry, brandy, 
or liqueur, and the lomaindcr weie caused hy the tincture, the liniment, or 
the extract 

1 Dr Male, of Bumingham, died from the effects of 80 diopp, of Fleming’s 
tincture, taken m ton doses of 8 drops each, m the course of four 
days 

s Dr C. Vachell, of Caidiff, lias published a case of fatal poisoning by 2 grams 
of ext) act of aconite taken in pills This was the maximum dose of extraot 
according to the Pnlish Phn macopceia of 1867, hut m the edition of 1886 
the dose is stated at J to 1 giam 
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symptoms for thirty hours 1 In tho Lam son case (Gin/’s Hospital 
Repmts, 1883, page 307) the victim piohnhly received about 2 
grams 2 

The symptoms of aconite poisoning usually begin to manifest 
themselves a few minutes after tho poison is taken, and are, m 
some respects, quite pcculiai and characteiistic They usually, hut 
not invariably, commence with a tingling and numbness of tho bps, 
tongue, gums, and thioal, accompanied with a burning sensation 
m the stomach These effects aie succeedod by tangling and weep- 
ing sensations m rations pnrts of the body, pains m the abdomen, 
headache, veitigo, and nausea, frequently accompanied by vomitmg 
and sometimes by puigmg There is, also, diminished sensibility 
of the skin, constriLtion m the tin oat, fiothing at. the mouth, 
paitial or entire loss of voice, impaired vision, linging m tho eais, 
and feeling of tightness m vanous paits of the body , muscular 
tremois, cold perspnations, loss of muscular powei, and gicat 
piostiation geneially Sometimes theio is alternate contiaction 
and dilation of the pupil 

The most constant symptoms of aconite poisoning aie chfiioully 
in breathing, piogiessivc mu-cular weakness, a weak mteinutteut 
pulse, and, m most cases, vomiting, especially when the poison has 
been taken by tho mouth, instead of subcutaneously Death usually 
occurs fiorn syncope, preceded m some cases by delmum and con- 
vulsions Convulsions occuned m ten cases out of ninety-four 
collected by Drs Tucker and Reichert, 3 * * * * 8 and opisthotonos happens 

1 In a case of poisoning by ncomto an emetic should lie at once given, or 
the stomaoh-piunp promptly- used Stimulants may be given with advantage 
Animal charcoal, to bo aftcnvaids lemoved by tho stomach-pump, lias beeu 
leoommencled Strycluuue and digitalis have been used successfully as 
antidotes, and a solution of iodised lodulo of potassium has bean suggested 

a In 1881, a medical man named Lamson gave his brothm-m-law, P M 
John, a youth of ly, pai.ilysod below the pelvis, a dose of Morson's aconitine, 

contained in a gelatin capsule Some twenty or tlmty minutes attei, John 
was seized with pain in the stomach, which he at Hist called heailbuin Ho 

then vomited, anil sufleied gient pain, complained of the shin of his face 

being diavvn, ol a sense of eonstuction m the tluoat, and of being unable to 
swallow Ho letched violently, and vomited a small quantity of daik brown 
llmd Injections of moipbine gave some lelief, but the symptoms rctui ned, 

and he was with difficulty kopt down by two mon Death occuired four hours 

alter adnumstiation of the poisun, and tho victim was conscious almost to the 
last 

8 Thcso symptoms piobnbly depend laigoly on llio dose token With laigo 
doses, the lioait'a action is ariesteil befoio the poison has had time to matei lully 
affect the excitability of tile motor neives, and the lieait once stopped, fuithor 
absorption is diminished or arrested 
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occasionally Death from aconite poisoning commonly ensues in 
from two to six horns, though there is considerable variation m 
this respect 1 

The post-moitem appearances from aconite poisoning are by no 
means characteristic They aie congestion of the lungs and liver, 
with an injected condition of the biam and its memhianes There 
is more or less redness of the stomach and intestines, which are 
frequently found empty Great redness of the stomach and 
intestines is sometimes the only abnormal appearance after aconite 
poisoning, and this does not occur when the poison has been given 
hypodermically The right side of the heart usually contains more 
or less blood, and the blood throughout the body is geneially fluid 
and daik m colour 2 

Toxicological Detection op Aconite 

In any case of suspected poisoning by aconite or its pieparations, 
the symptoms piesonted before and aftoi death are of the utmost 
importance 8 The poison is so violent, so leadily decomposed, and 
so wanting m delicate and characteristic chemical leactions, that 
there is but little hope of detecting it m the body by chemical 
analysis. With care, however, this may sometimes be effected, and 
if the chemical leactions be distinctly confirmed by a physiological 
test, the presence of the poison maybe considered definitely pioved 
The aconite alkaloids have been recovered from the urine, the 
blood, and the liver, and have been detected in the stomach several 
months aftei death , hut the poison has been destroyed m cases 
where the visceia have become and remained alkaline for some time 
from putrefactrvo decomposition 

In cases of supposed poisoning by aconite, the stomach and 
intestines should be carefully examined for portions of the leaves 
or other parts of the plant , which, if found, may be identified by 

1 In five cases of aconite poisoning rccordod by J. W Mallet, death 
ensued respectively m 8, 10, 16, 75, and 186 minutes, while m a sixth case it 
did not occui till four days aftei the poison was taken 

2 In the Lanison ease, sixty-foul hours after death, there was great ledness. 
and inflammation of the cardiac end of the stomach, which had a blistered 
appearance, the mucous membrane showing in places small, slightly raised, 
yellowish grey patches. The duodenum was gieatly congested, and theie were 
congested patches in other parts of the small intestine The brain and its 
membranes woie slightly congested, and the lungs much so, especially towards 
the postenoi parts. The heart was very flaccid, neatly empty, and stained 
with blood-pigment. Tho pupils were dilated, and the lips and tongue pale 
The bladdei contained three oi foul ounces of urine 

8 It is for tins reason that the symptoms of aconite poisoning me described 
m the text at giuatei length than would appear necessary m n work treating 
of tho chomist’s duties rather than those of tho medical practitioner. 
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comparison of their botanical diameters w ith those of leal aconite 
Thu fragments uuy he washed with a little distilled ivatei, and 
masticated with the front teeth, when the persistent tingling and 
numbness so characteristic of aconite will he distinctly lecogmsahle 
Tor the isolation of aconite bases in cases of poisoning, the 
suspected matters should be finely divided and heated at the 
oidmary temperature with strong alcohol, which should he slightly 
acidulated with taitanc acid, unless aheady distinctly acid The 
liquid is strained and evaporated to a low bulk at a temperature 
not exceeding 40° G The residual liquid is filtered cold, acidulated 
with tart, me acid, if requisite, shaken with ether, separated, and 
lendered alkaline with sodium caibonate The alkaloids are then 
extracted by agitation with etliei 01 ethei-cldnioforni, the solution 
washed by agitation with wutei, and evaporated at a gentle heat 
The olkaloidal residue haling been obtained, it should he dis- 
soli ed in a few drops of watei acidulated with acetic acid, and a 
drop of the solution placed on the tip of the tongue or inside the 
lower lip I E S q u 1 b b recommends that the quantity to he 
tasted should ho dissolved in about 60 drops of nater, winch is 
then held m the fiont pait of the mouth (previously imsed) foi 
one minute, and then discharged Another good plan is to drop 
the solution on a fragment of poious biscuit, which is then chewed 
with the front teeth. If any aconitine or other poisonous aconite 
base he present rt will produce, m a period of time not exceeding 
fifteen minutes, a marked tingling sensation of the tongue and lips 
(somewhat similar to the effect produced by scaldmg the tongue 
with hot tea) ; and, if the quantity he sufficient and the liquid lias 
reached the tonsils a distinct sensation of sore throat will he 
observed These effects last for a considerable tune, aud are pro- 
duced in a most maiked and unmistakable mannei by a single 
drop of the E P tincture of aconite, corresponding to ^ gram of 
the root, and piobably not more than yg 1 ^ grain of total alkaloids 
The effect is so characteristic and delicate that it constitutes by far 
the best test for the presence of the poison If not produced it is 
practie.dly useless to apply other tests, as, in the absence of the 
physiological reaction they would at least he inconclusive, but, 
havnig obtained the characteristic tingling sensation, the chemical 
tests often afford useful confirmation, and enable the analyst to 
form an opinion as to whethei pme aconitine or a galenical 
preparation of the aconite plant was taken 1 
1 An liitoiestmg case of this kind has occnned in tho antlioi’s poisonal 
expenence A man of suicidal tendencies was suddenly taken violently ill at 
a countiy inn He snfleied from difficulty of respiration and inability to use 
his limbs, especially on one side, had violent convulsions, and died before 
VOL III. PART II. Q 
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The chemical tests should he applied to single chops of the 
acidulated solution placed on microscope-slides , or, in the case of 
the coloui-tests, to 'the residues left on evaporating a few drops at 
a gentle heat on the inside of a poicolum durable cover (compare 
page 145) The leactions which may prove of service aie — 

1 The foimation of a ciystuUine nitrate on adding a small drop 
of nitric acid at the end of a glass tod (page 210) 

2 The fomution of a crystalline aruochlorido on adding a drop 
of auiic chloude (page 211) 

3 The foimation of crystals of aconitine hydnodide on adding 
a minute fragment of potassium iodide, and allowing the solution 
to evaporate (page 212) 

4 On adding cold concentrated sulphuric acid to the aconite 
residue no reaction is pioduced immediately, hut veiy gradually, oi 
more rapidly on cautiously warming, a deep bioun coloration is 
produced, passing through various shades of ieddish hiown to 
violet The reaction is not produced by piue aconitine. 

5. In piescnce of ceilain impurities, which adhere tenaciously, 
aconite bases develop a well-maikcd cherry-red coloration, changing 
to ciimson, when heated with sugar and sulphunc acid m the 
manner descuhed under morphine The mixture of bases extracted 
from aconite root m the oidmary piocess of assay gives this reac- 
tion veiy distinctly, 

6 Impure lesidues of aconite bases, when, heated with syiupy 
phosphouc acid, give a violet coloration when the mixture is 
heated for some time on the water-bath, so as gradually to concen- 
trate the acid 

7 Aconitine yields with phosphomolybdic acid (Sonnenschein’s 
reagent) a yellow precipitate, which, m the piesenee of nnpuuties, 
dissolves m ammonia with blue colour 

When the tongue-test renders the presence of an aconite base 
probable, it is very desirable to rnako a further physiological 
experiment on a small animal. For this purpose a quantity of 
residue or solution at least as great as that used for the tongue- 
test, and preferably several times as laige, is made into one or 
more small pills with oatmeal, and given to a mouse or small bud 
by the mouth It is distinctly piefeiable to operate m this manner 
Tather than by hypodeimic injection, in the case of such small 

medical assistance could be obtained Op analysis, an albaloidal substance 
was isolated fiom the stomach, which gave exactly similar colour-reactions to 
the alkaloid extracted by the same means from the B P tincture of aconite 
It produced a distinct tingling sensation on the tongue and lips, and charac- 
tenstic symptoms in a mouse which had eaten a poition of the extract made 
into a pdl with oatmeal. 
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and sensitive animals as those winch must almost necessarily bo 
employed If two healthy (whilo) mice be thnsun, and one fed 
with oidmary oatmeal made into pills, and the otliai with oatmeal 
pills made with the alknloulal extinct, the symptoms may be icadilj 
compaiod, and seveial objections obviated Accoiduiy to W y n t e 1 
H 1 y t h, a quantity of aconite extinct sufficient to cause distinct 
numbness of the lips will kill a mouse or small bird if adnnnistoiud 
in this mannei. 1 J. H Mnnro ( Chem . Nuns, xlv. 110) has 
described an experiment, m which he poisoned a spuirow with 0 1 
grain of aconite loot Death ensued w lthm an houi The con- 
tents of the gizzaid were mixed with the little which lemamed in 
tlie crop, and the alkaloid isolated The extiact did not respond 
to the taste oi any chemical test , but the solution, y hen soaked up 
m biead-ciumbs, and given to a tom-tit, killed the bud m two or 
thiee horns 


ATROPINE AND ITS ALLIES, TROPElNES . 3 

A remarkable senes of naluial alkaloids exist m the plants of the 
family Solanacece, and have been named, accoidmg to the plants m 
w hicli they have been found, hyoscyamine and h y o s e l n e, 
fioin Hyoacyamus mger (henbane) and Ii albuB , atropine and 
belladonmne, from Atiupa belladonna (doadly nightshade), 
d a t u i i n o, fiom Datm a stiamonium (thorn-applo), duboisine, 
from Duboima myopoi oides, scopolamine, from Scopoha japo- 
mea, mandragorme, 3 homMandmgora vet nalis, &c All these 

1 T, Stevenson found giain of Moison's cry stall isod aconitine, 
hypodoimioolly injected, fatal to a mouse m eighteen minutes T G 
"Wormley found Duqnesnol’s aconitine equally potent, auVi giain piovmg 
fatal to a mouse, after violent letclnug and comnlsions, m tlmtj-two 
minutes 

2 Tim autlioi is indobtod to Mr A. W Gen m d and Mr K Wright 
for perusal and correction of this seotion 

8 Mandiiiooiuni:, the alkaloid of the root of Mimdi uy<n a ivnalis, lias 
been investigated by F B Ahrens ( Annalen , cell 812, Be l , x\n 2169 , 
Jour, Sue Cliem Ind , vm 814, 916) The analysis best accoids with tho 
formula C 17 H^1S T 0 8 , hut does not exclude the possibility of Oj 7 H_,NOj 
repiosenting the true composition As extiacted by ammonia and ethei- 
cliloioform, the base is obtained as a veiy deliquescent, coloui less, vitieous 
mass, meltmg at 77°-79" The sulphate forms small, white deliquescent 
plates, and the hydi nchloride deliquescent needles. Tho auiachloiule foims 
golclen-yellow plates or needlos mol tint; at 163°-156°. BH.BtCIj ciystalhses 
born hot water m yellow tables, melting with decomposition at 193 < ‘-191'‘. 
Tlie mercura Monde crystallises fiom water or alcohol m slightly solubla 
needles or tables, which melt at 160°-161°. Mandiagonne is picupitatcd by 
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base's are distinguished by a reniailcablo power of dilating the pupil, 
and hence are often termed the “mydriatic alkaloids/’ 
though the effect of pupil-dilation, or mydi tasis, is not confined to 
the alkaloids of the Solanaceie 

More recent investigations have reduced the number of the 
bases supposed to exist in the Solanacea > Thus, it appears that the 
bases isolated from A belladonna and D stramonium were simply 
a mixtuie of atropine and byosoyanune in vaiymg proportions, and 
that byoscyamme is converted into atropine with such facility m 
preaenco of a trace of alkali, that it is not impiobable that atropine 
does not always pre-exist in belladonna (see page 250), Similarly, 
the alkaloid described as duboisine is apparently identical with 
hyoscyamme, oi; with a mixture of that base and hyoscme. 

Constitution of Atropine and its Allies. 

The thieo best-known of the natural tropemes, viz, atropine, 
hyoscyamme and hyoscme, are all isomeiio, being expressed by 
the foimula C 17 H 2s N0 8 The associated hades belladonmne and 
atiopanune differ from these by the elements of water) and are 
probably anhydro-bases (page 261) All these alkaloids are readily 
saponifiable, and tiaoes of the products of their hydrolysis are 
theiefoxe liable to pre-exist with them m the plant, or to be pro- 
duced during ,the process of isolation The following table exhibits 
the leading propeities of the natural tropemes , 1 — 


Baae, 

Formula, 

°c 

Rotation 

Fom, 

Products of Saponification 
by Baryta 

Acid 

Baas 

Atropine, 

CirHaNOa 

1X4 5 

•f0 # to-l° 0 

Neodlea 

Tropic acid 

Tropine. 

Hjoseyomine, 

C 17 HoaN0 3 

108 B 

-21° 

Needles 01 

Tiopio add 

Troplne 

Hyosolne, 

Ci 7 Hj3N0 3 



Colourless 

Tropic add 

Paeudotropine. 

Eelladoimlne, 

Ci 7 H 21 N 0 3 



Amorphous ) 

Isomers of_ 

Psoudoferoplae, 

Atiopnmiue, . 

C17H21NO3 

Below 00 

+0" 

Varnish ) 

ntropio acids 

PBeudotropinc 

Scopolamine, 





Atiopic acid. 

Bass melting 
at HO' 

Benrovl-paeudo- 

troplne, 

Ci^HiglTOj 

40 

Inactive 

Radiating 

Benzoic aoid 

Pseudotropine, 


picuc acid, pliosphotungstic acid, and iodised potassium iodide, winch last 
yields an oily peuodido Mandragonne and its salts pioduco mydriasis, 
Svliethei introduced into the system oi dnectly applied to the eye 
1 The pie-existence of atropamins and helladounlne m the plants is not 
absolutely established , 
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The natural tropemes aic all easily saponified Tiy tieatmont uitb 
acids or alkalies. By the latter (especially baryta) the hydrolysis 
results in the formation of t r o p 1 c acid, 01 an isomer theieof, 1 
and tropme or pseudotropine, in accoidnnce with the 
equation ; — 

c w ii 2 ,no s + h 2 o = g 9 h 10 o 3 +c 8 k )C no . 

Tiopelno Acid Bnae 

When the liydiolysis is effected by an acid, especially con- 
centrated hydrochloric acid, the tropic acid loses the elements of 
watei, and atropic acid, C a H 8 0 2 , results, and at a high tem- 
perature this is more or less changed into its polymers a- and 
/3-isntropic acid, C 18 II 1(J 0 2 Such products also result from 
the saponification of the anhydio-bases bolladonnine and atiopannne 
by baryta 

The piefeiahle method of effecting the saponification of the 
tropemes is to heat the alkaloid with saturated haryta-watei to 
60° or 80° G foi a few horns Carbon dioxide is next passed 
through the liquid till a drop ceases to give a pink coloiation with 
phenolphthftlem The liquid is then filtered, and the filtrate 
acidulated with hydrochloric acid and twice shaken with ether 
The ether is sepainted, and on evaporation yields the acid 
product of the hydrolysis , on treating the aqueous layer with 
caustic alkali in excess and agitating with ether the basic 
product is extracted, and may he recoveied by 6epaiatmg and 
evaporating the ether 

Tropic Acid, C 0 H e CH(CH 2 OH)CO OH, has the constitution of 
o-phenyl-/S-hydroxypropionic acid It crystallises 
from hot water m needles or slendei prisms, and on tlie spontane- 
ous evaporation of its aqueous solution in tablets which melt at 
117°-118° C Tropic acid is not volatile without decomposition. 
It has a slightly sour taste, dissolves in 40 parts of cold water, 
and is soluble in alcohol and ether. When heated with a dilute 
solution of potassium permanganate, tropic acid gives an odoui of 
bitter -almond oil, and on further tieatment, benzoic acid is pro- 
duced 

Tiopic acid has been prepared synthetically (Bet , xm 
2041) 

Atropio Acid, C 6 H 6 C(CH 2 ) CO OH, has the constitution of 
a-plienylacrylicacid. It is isomeric with cinnamic acid 
(Pait I, page 30), from which it differs by its solubility m water 

1 Except m the ooso of benzoyl-psondotropine, which yields benzole 
aoifl on liydiolysis 
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(1 m 692 at 19°), its lower melting-point, an<l in not being pre- 
cipitated by manganous salts fiom its neutial solutions Atropio 
acid has been piepared synthetically, and may also be obtained 
by heating tropic acid with hydrochloric acid, oi by the dnect 
action of fuming hychochloiic acid at 120°, or boiling concentrated 
baryta- water, on atiopmo It crystallises from hot water m needles, 
and from alcohol in tablets or monoclimc pusrus, which melt at 
106°— 107°, are volatile with steam, and boil with decomposition 
at about 267°. Atiopic acid is veiy soluble m carbon disulplnde 
It is oxidised to benzoic acid by chromic acid mixture, and 
yields formic and phonylacetic aoids when fused with 
caustic potash Sodium-amalgam reduces it to a-phenyl- 
propionic acid Biomine-water conveits it into bromo- 
phonylpropiomc acid 

Tsathofio Acid, <wy is pulymenc with atropio acid, 
C 0 TI 8 O 2 , and is always foimecl together with that acid and tropic 
acid when atropine is heated with hydrochloric acid Isatropio 
acid is always formed m small quautity when atropio acid is 
recrystalhsed from hot water, and moio largely if the solution be 
boiled for some time. 

Several lsomcuc modifications of isatropio acid exist, the 
a-iaaho)M acid is almost exclusively formed when atropic acid is 
heated for many houis to 140°-160° in a closed flask It forms 
small warty ciystals iv Inch melt at 237°, are veiy slightly soluble in 
water, and neaily insoluble m other It is not affected by sodium- 
amalgam or cold bio mine- water. j3~isati npic acid is foimed 
together with much of the a-modification when the aqueous 
solution of atiopic acid is boiled, and crystallises on cooling m 
small quadiatic tablets, which melt at 206°, and aio couvcited at 
220°-225 Q mto the a-acid y- and d-isatiopio acids were obtained 
by Lieberraann by the saponification of truxillme (cocamme), 
a base contained m some vanities of coca leaves From their 
somooho subsequently named them a~ and /3-truxilhc acids (com- 
pare page 2S6) 

Tkopinb, C 6 H 7 (C 2 H 4 OH)N CHg, has the constitution of a 
tetrahydropyudine, CJT fl N , m which two of the liydrogen 
atom 5 ! are replaced respectively by methyl and hydroxyethyl. It 
is the basic product of the saponification of both atropine and 
byoscyamme (see page 244) Tropme crystallises from absolute 
ether m rhombic tablets, melting at 61°-62° and boiling at 229°. 
It is hygroscopic, and very easily soluble in water and alcohol, 
lemaming as an oil on evapoiatmg these solutions Tropme is a 
strong teitiaiy base and forms salts which crystallise well 
B 2 H 2 PtCl a torms laige, orange-red monoclimc prisms, easily soluble 
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m warn watei, insoluble m alcohol, and melting with decomposition 
at 198°-2l)0°. IlHAuClj forms lnige yellow plates, molting ruth 
decomposition at 210°-212°. The pm ate is a yellow pieeipitate, 
ciystallismg from hot water in yellow needles. On ignition with 
soda-lime or caustic baiyta, tropme yields m e thy lam mo, water 
and t r o p i 1 1 d o n e C,,1I 15 N0 = CU,NH a + II„0 + C 7 H e Wien 
heated with fuming hydrochloric acid to 180°, or with glacial 
acetic and strong sulphunc acid, it locos the elemonts of water and 
is convoited into tiopidine, C 5 II ( /C 2 H 4 )ISr.CH 3 , a liquid base 
boiling at 1 62°, smelling like coniue, and mteiestmg from its lelation 
to anhydio-ocgonino (compare page 270) 

P&eudothopike, C 3 II 18 'N'0, is isomeric with tiopine, and lcsulta 
from the hydiolysis of hyo'-emo, belhidonninc and atropanuno 
It foims rliomboliodral crystals, melting at 106° and boiling at 
241 ° to 243° It is less hygroscopic than tiopme, but very soluble 
in water and chloiolorm, and somewhat spanngly in ether 
B a IIoPtCl 0 founs small oiange-red rhombic prisms, easily soluble 
m watei BTIAuC1 4 fomiB wnall crystals melting nt 193 J1 

By ti eating pseudotropme with stiong hydiocliloiic or sulphuric 
acid, abase isomenc with tropidine has been obtained 

Atropine. Daturme Tropyl-tropme 
C l7 H 23 N0 3 , or C 5 H 7 (C 2 H 4 0 CO CHC fl H fi CH 2 OH)N CH a . 
Atiopine is the eliaroctonstic alkaloid of Atiopa belladonna or 
deadly nightshade, though it appears sometimes to he 
wholly or in great part leplaced by its isomer hyoscyamino. 1 2 3 It 

1 Tho melting-point of the anrocMonde is almost tho only niarketl distinc- 
tion between tbo psendoti opine pioducad by the hydiolysis of lijosciuo and 
tho (possibly identical) psondotiopine desonhed by Liobonnann (Set , 
xxiv 2838), as lesultmg from tho saponification of tho btitzoyl jiicmliili apnic 
discovered by Giosol in oooa leaves hom Java Aftei boiling this liaso with 
hydinchlono acid for some hours tho bon/oic acid formed was ovtiaeted with 
ethoi, and tho acid liquid cvapoiatod to dryness Tho hydiochloudo was 
decomposed by o\ide of silver, oi excess of slioug caustic soda solution added, 
and the base extiacted with rthor Psondotiopine thns obtained has a 
strong alkaline loaotlon, crystallises in beautiful needles, melts at 106°-107°, 
boils at 240 o -241°, and is easily soluble in watei, alcohol, and benzeno, and is 
piecipitated by petioleum spiut lrom the last solution BHC1 toron. hygro- 
scopic needles, the solution of which is piecipitated white by moicnnc clilonde 

Bn 5 PtCl 0 does not ciystallise till the solution is evapoiated nearly to diynosb, 
hut is then difficult to ledissolve m watei , and is piecipitated on adding alcohol 
BHAuC 1 4 foims beautiful yellow needles, molting at 225°, and easily soluble 
in hot watei and alcohol Tho picrcttc forms easily solnble, yellow nocdlos 

3 See an interesting papoi by S chut to, Pharm Jowr , [3], xxu 429 (fiom 
At elm, Octobei 30th 1891, page 492) 
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also occurs in. the seeds of Datui a stramonium or t h o l n-a p p 1 e, 
whence its name datunue 1 Atropine has been prepaied syntheti- 
cally by heating together at 100°, with dilute hydrochloric acid, the 
tiopic acid and tropme resulting from the hydiolysis of hyoscyamme 
(page 244) The direct conversion of hyoscyamme into atropine 
has also been effected (page 250), though the reverse change does 
not appear to have been realised. 

Pure atropine forms tufts or groups of colourless or white 
lustrous needles, or aciculav prisms In commerce it often occurs 
as a crystalline or neaily amorphous yellowish powder By pro- 
longed exposure to air it gradually acquues a yellowish oi darker 
tint It molts when pure at 1 1 4° C according to L a d e n h u r g, 
or at 115°-115°5 according to Schmidt, but the commercial 
alkaloid oftpn begins to melt at about 104°, and is entirely melted 
at 1 13°. 2 At a higher temperatuie atiopme shows signs of volatility, 
and, according to Dragendorff, volatilises slightly with steam, 
and even with alcohol-vapour Whan dry, however, atropine does 
not lose weight by exposure to 100° 0 

Atropine is odourless, but has a disagreeable bitter and acrid 
taste It is a powerful poison, producing delirium and convulsions 
(pago 261) From 0 05 to 0 2 gramme is commonly fatal, and 
0 001 giamme the maximum medical dose for an adult. Much 
smaller amounts than this produce marked mydriasis or dilation 
of the pupil when applied to the eye (page 255) 

Atiopme is soluble in 600 parts of cold or 36 of boiling water; 
or, accoidmg to other authonty, m 200 parts of cold and 54 of 

1 Foi the piopaiation of atiopme fiom belladonna, tlio dned leaves should 
be macoiated foi aeveial days m cold wator, the liquid concentrated by svapoia- 
tion, tieatod with sodium coihonato, and agitated with Unzone The benzene 
solution is sepaiated and agitated with dilute snlphmic acid, and the acid 
bquid again londored alkaline with sodium caibanato, and the liberated alkaloid 
extracted with chlmoform, the solution m which, when mixed with petro- 
leum spmt and allowed to evapoiate spontaneously, deposits the ati opine first, 
while the associated alkaloids lemain in the mother-liquid It is, perhaps, 
moie easy to prepare atropine from belladonna tool Chloroform is the best 
solvont for the extraction of atropine fiom on alkaline liquid, but ethei is pre- 
feiable foi its subsequent purification and ciystollisation (A "W Qeriard) 

2 In a pi irate communication to the authoi, A W Q-errard states that 
pure atropine melts at 114°-116° If some of the same sample be placed m 
water it melts at 8S°-84° This result is evidently due to hydration, for the 
substance, after contact with water, molts at the same temperatuie m a capil- 
laiytube, but by exposure oyer stiong snlphmic acid the alkaloid loses its 
water, and then again melts at 114°~115° Opeiatmg on the same specimen 
of atropine as Gerrard, the author observed a melting point of 114“ S, when a 
fragment of the substance was heated on the smfaeo of mercury contained m a 
test tube immersed m a bath of paraffin 
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boiling water Tlie aqueous solution umleigoes rapid change m 
contact with air, becoming yellow and acquiring i diMgiccahla 
smell, but without losing its toxic cliaractei Atropine dissolves 
m glycerin, and is leadily soluble m alcohol, etlier (CO parts), 
chloroform (3 parts), arnylic alcohol and bcnsrene (42 paits), but is 
only slightly soluble in petroleum spirit or caibon disulphide. The 
solutions are optically inactive, or very feebly lsevo-rotalory 

The aqueous solution of atropine exhibits a distinct alkaline 
reaction to litmus, and also reddens phonolphthalom, the latter 
character distinguishing atiopme and its isomers fiom almost all 
other known alkaloids (page 256) 

Otliei leactions of atiopme are described on page 254, et seq By 
treatment with alkalies or mineral acids, atiopme leadily under- 
goes saponification (page 245), but is not altered by boiling with 
strong tartaric acid (compare page 206) By strong nitric acid it 
is converted into a n h y d r o-a t r o p i n e (page 251) 

Ati opine Sulphate, B 2 H 2 SOj, pi spared by neutralising atropine 
with dilute sulphunc acid and evaporating the solution to dryness 
at 100°, is colourless and odouilcss, neutral, easily soluble m water 
and alcohol, hut less readily in ether The commercial salt is 
usually faintly alkaline, and keeps Letter when so made The 
aqueous solution should bo neutial or faintly alkaline to litmus. 

According to E S c h m l d t, the more liyoscyamine a sample of 
commercial atropine sulphate contains the fiiiei is its crystalline 
appearance, the pure salt occurung as granular white masses The 
absence of hyoscyamine is shown by the solution of the sample 
being optically inactive 

Ati opine hoi ate and valerate are employed in ophthalmic surgery 
Commercial Atiopme and its Salts should be free from yellow 
colour, and should not become colouied on tieatment with strong 
sulpliunc acid or excess of ammonia. The substance should leave 
no appreciable residue on gentle ignition A drop of a solution m 
1000 parts of water should have an acrid and bitter taste, and 
yield a lion-lustrous golden-yellow precipitate with a drop of auric 
ehlonde, which melts undei boiling water One drop of a solution 
of atropine m 45,000 parts of water (or less than 2 grams per 
gallon), when placed in the human eye, should cause dilation of 
the pupil in fiom forty to sixty minutes 

Hyoscyamine. Datunne Duboisine CjjHojNOj. 

This base occurs m belladonna, stramonium, and other solan- 
aceous plants m association with atropine, 1 with which alkaloid it 
1 Hyoscyarainc ocems in the seeds, leaves, and roots of lienbane und otlior 
species ot Hyoscyamvs, m association with hyosoine It accompanies atropine 
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is isomeric; indeed Ladenburg (Ber , xxi 30G5) holds that 
atropine is an optically inactive base, standing to the active hyos- 
cyanune m the same lelation as racemic acid stands to lsevo-tartanc 
acid At any rate, by keeping hyoseyamine at a tempeiature 
slightly above its melting-point the optical activity giadually falls, 
and the product is found to consist of atiopmo 1 Conversion of 
hyoseyamine into atropine also occuis -when its cold alcoholic solu- 
tion is allowed to stand aftei a slight addition of caustic potash or 
soda, or even of ammonia, but as the specific lotation oi the 
pioduct never falls below — 1° 9, whereas pure atropine is wholly 
inactive, it appears probable that the transformation is incomplete 2 
llyosryamnie forms slendei colourless needles, which sometimes 
radiate m gioups In its solubilities and general chemical charac- 
ters it presents a close resemblance to atropine, which it also 
simulates in its physiological offects The distuictions between 
the bases aio given on page 264 

Hyoseyamine Sulphate, B 2 H„S0 4 , forms small golden-yellow or 
yellowish white crystalline scales, oi a yellowish white amorphous 
powder, melting at 260° and doliquoscmg on exposure to air 

Hyoscine. C 17 n 23 N0 3 . 

(See also page 244 ) Hyoscine occuis, together with hyoscy- 
amine, m the leaves and seeds of Hynscyamus niyei (henbane) 
The “ nmoiphuus hyoseyamine ” of commeice appeals in many 
cases to consist chiefly of hyoscine Hi oscine should he caiefully 
dilfeicntiated from atropine and hyoseyamine, as its mydnatic 
eflects appear to be moie rapid and powerful than those pioduced 
by the latter bases, and, taken internally m doses of gram, it 
produces ollects distinct from those of atiopme 3 

Free hyoscine forms a thick symp, having a close geneial 
m Alsopa, belladonna (deadly nightshade), m winch it is sometimes present to 
the exclusion of atiopme, which, aecoidmg to Will, lsnotunlieipientlyfoimed 
fiom tlio hyoseyamine diumg the pioeoss of isolation Hyoseyamine also ooouis 
m association with atiopme in the seeds of Datum stramonium (thorn-apple) , 
with hyoscine m the root of Scopolmjapomca and 8. ati opolda, and almost alono 
in the loot of S ccmiwhca, and the leaves and twigs of Duboma myopes aides 
According as commercial hyoseyamine line been piopaied fiom one or other ot 
the above somces, it is liable to contain more oi less of the associated alkaloids 
1 E Schmidt (Plurm Zeit , 1889, page 683) has obtained some indica- 
tion of tho foimation of another alkaloid besides atiopme m this leaction 
3 S c h ti 1 1 e has l ccently found (Thai m Jour ,[3], xxu 429), that conversion 
mto atiopme ocouis when hyoseyamine is kept long m solution or m the 
form ot anrochlondo, or is repeatedly crystallised fiom acidulated watei. 

3 Tho calmative and sedative effects of henbane, which distinguish it m 
physiological action fiom belladonna and stramonium, aie undoubtedly due to 
the piedominating alkaloid, hyoscine 
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resemblance to hyo&cyamme and aLiopine, but yielding pseudo- 
ti'opmo instead of tio])ine on saponification (page 247). The 
reverse reaction has not lieen realised 

Other characters of hyoscme, and distinctions from hyoscyammo 
and atropmo, aie given on page 254 

Hyoscinc Hydrobiomidc should occur in colouiless rhomlne 
crystals, losing 12 3 pci cont of then Height when dried at 100° 
With Vitnh’s test (page 257) it should give a violet colointion. 
Commcicinl hyoseme liydiohromide is liable to contain a laigo 
proportion of the corresponding salt of scopolamine, and, 
according to E S c h m i d t, often essentially consists of this salt 1 
EH I founs pale golden pnsuis, the solution of which is Inavo- 
rotatoiy RTTAuClj crystallises m piisms, melts at 200°, and is 
sparingly soluble in water 

Anhydro-Tropeines. 

Apo- atropine C 17 H 21 N 0 2 , preferably called ankydi o-atrnpme, 
dittois from atiopine by the elements of water, mid hence is womeiic 
with atropamine and belladonnme It is obtained by giadually 
adding atiopine to fuming nitric acid maintained at about 50° O. 
On lendeimg the liquid alkaline and extracting with ether, the 
new base is dissolved, and is obtained on evapoiatmg tho solvent 
as an oil, or pusms melting at 60°-62°, slightly soluble m water, 
but leadily m cliloioform Apoatiopine is not mydriatic or irritat- 
ing to the eye, and apparently not poisonous. It yields a crystalline 
sulphate, sparingly soluble m cold water The chhn oplatiuafe is 
crystalline, and, unlike that of atropine, only sparingly soluhle in 
hydrochloric acid The aui ochloi ide is amorphous, and melts at 
180°, Anhydroatropme is hydrolysed by boiling baryta- water, 
fonmng tropine and atropic acid 

Atropamine, G 17 II 21 If0 2 (page 244), is not a constant con- 
stituent of belladonna, and, owing to the readiness with which 
it undergoes change, it is liable to escape recognition. It was 
1 ScoroLlMrNE, 01 Scopuleme, C 1 jH ; , 1 lsr0 4 , wis fiist fonnd m the loot oi S 
atropotdti, and has since hcen isolated in small quantities fiom helladonna 
root, stinmoninm seeds, and V myopuroldes In one cost tho mydnatie 
alkaloid of the last-n lined plant consisted essentially of scopolamine, while tho 
base hom anothoi sample ot tho leaves was essontuilly hyoscyannno Scopol- 
amine appears to contam a hj droxyl-gioup, as it founs an acetyl domativo, 
while ton aids mtious acid it behaves ns a tcrtiaiy base. By boiling with 
baryta it is hydiolysod with foimation of ntropio acid and a ciystnllmo 
base molting at 110° O kuipolauam hydi ob> omide foims large glassy crystals 
Tho auiochloncU fmms long sinning needles, presenting a pecnlwi comb-like 
or senated appeaiance at the margin When anhydious, tho auroehloride 
molts at 214°, and is neaily msolnblo in water. 
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isolated by Hesse {Annalen, ,cclxi 87) by dissolving m acetic 
acid tbe alkaloids left m the mother-liquor after the preparation ■ 
of atiopme, and adding common salt to tho solution until a 
milky turbidity was produced. On standing, the hydrochloride 
crystallises out, and can be obtained piue by reciystallisation 
from boiling water after treatment with animal chaicoal. Oil 
treating the hydrochloride with diluto ammonia and etbei, 
the atropamvne dissolves, and may be obtained as a soft colourless 
varnish on evaporation. At 60° it forms a colourless, odourless 
liquid, which does not lose weight at 100°. It is only sparingly 
soluble m water and petioleum ether, but very readily m alcohol, 
ethei, chloioform and benzene The alcoholic solution is optically 
inactive, has a hitter taste, does not ledden pheuolphthalem 
(distinctive from atropine), hut colours led litmus-paper blue and 
neutralises acids Atropaminc possesses no mydriatic pioperties, 
but produces a burning sensation and inflammation when dropped 
into tlie eye, wbeieas apo-atioprae is inactive 

Atropamme is consideied by Hesse to bear the same lelation 
to hyoscine that anliydro-atropme hears to its parent-base, and is 
isomeric with belladonmne, fiom which it differs m leady crystal - 
lisahility of its hydiochlonde and liydiobiomide, a fact which 
affords a ready means of separating it fiom the other alkaloids of 
belladonna If tbo hydrochloride or hydrobromido of atropamme 
be moistened with a mineial acid, and warmed oi exposed to sun- 
light, the base is readily converted into belladonmne. 

Atropamme is also transformed into belladonmne by solution m 
cold concentrated sulphuric acid, or by tbe meie evaporation of the 
solution of its sulphate Dilute sulphuric acid also effects the con- 
version, but a preferable plan is to heat atiopamme with moderately 
concentrated hydrochloric acid to about 80°. If the solution be 
boiled, or if baryta-water be employed as the converting agent, the 
belladonmne first formed undergoes hycliolysia, so that atropamme 
and belladonmne ultimately yield the same saponification products. 

Bbi&adootine, Cj 7 H 21 br0 2 (page 244), is isomeric with anhydro- 
atropme and atropumine 1 Its foimation fiom the latter substance 
is described above Belladonmne forms a varnish-like mass, very 1 
sparingly soluble m water, but readily m alcohol, ethei, chloro- 
form and benzene. The salts are amorphous B 2 H 2 PtCI 6 and 
BHAuC 1 4 are yellow pulveiulent precipitates, quite insoluble 
m cold water Crude belladonmne is said to contain oxyiropine, 
C 8 H 1S N0 2 , a crystallisablo base melting at 242°. 

When belladonmne is boiled with baryta-water, or moderately 
1 According to Ladenbuig the formula of belladomiine is 
and it 18 converted by hydiolyais into tropic acid and oxytropme 
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■concentrated hydrochloric acul, it is hydiolysed with foimation of 
p s e u d o t r o p l n e, Cgll^NO, and two acids of the formula 
C a H lu 0 8 and C 0 II g O„, but as both these bodies are amoiphous 
they appear to bo isoiiienc, and not identical with tiopic and 
atropic acids lespoctively 'When atiopaimno or belladonmne is 
lieated at 100° with fuming liydrochlonc acid, pseudotropme 
and crystullisable a tropic acid are fanned, instead of the fore- 
going amoiphous acids 

Artificial Tropemes. 

When tropme (page 246) is treated with benzoyl chloride it 
yields benzoyl-tiopme, C r II 7 (C 2 H 4 OBz)M CH 3 , which is 
the type of a series of bodies called tropemes (L a d c n b u r g), 
having the constitution of esters of tiopine. The natural 
mydriatic alkaloids belong to this class, and aliopmo has actually 
boen obtained synthetically by heating tropme with tropic acid 

Benzoyl-tbopine, C 6 H 7 (C 2 H 4 0C 7 H 6 0)NCH 8 , is a ciystallisalle 
substance winch foims salts very similai to those of atropine It is 
a poweiful local anesthetic, and lvlien applied to the eyes pioduces 
the dilation characteristic of the natural tiopepies Betroj/l-2>seudo- 
ti opine occurs naturally m certain coca leaves fiom Java (page 287) 

Salici l-tropine, C 6 II 7 (C 2 H 4 0 C 7 H B 0 2 )NCH s , is obtained by 
evaporating to dryness a mixture of salicylic acid and atropine 
with dilute liydrochlonc acid It is a weak poison, devoid of 
action on the pupil 

IIoiiatrofinb, C^H.^NOg, is an artificial base having the con- 
stitution of a lowei lioniologue of atropine. It is prepaicd by 
evaporating a mixtuie of tropme (from the saponification of 
hyoscyamme) and luandehc acid, with dilute hydrochloric acid. 
Maudelie acid itself is pioduced by the action of liydrochlonc acid 
oil amygdalm, the glucoside of almonds It is the lower 
homologuo of tropic acid, and has the constitution of a phenyl- 
glycollic acid — 

c,h,ch{“ oh oach{“ 0 0 3 

Maudeltc acid Tropio acid 

Homatiopme crystallises from absolute cthei m pnsms which 
melt at 98° C It is very deliquescent, and hence is usually 
obtained as a syrup It dissolves sparingly m water, but freely 
in cthei and chloroform. 

Homatropme behaves like atropine with Gerrard’s test, hut with 
Yitali’s test (page 257) it yields a yellow instead of a violet 
coloration. With Mayer’s reagent the salts yield a white, curdy 
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precipitate, and with picric acid a yellow precipitate soon becoming 
oiystallme. 

Homatropine resembles atropine in its general physiological 
effects, but is less toxic, and m small doses is a true hypnotic 
It dilates the pupil as powerfully as atropmo, but the effect sub- 
sides far more rapidly, and hence the baso has proved valuable m 
ophthalmic snrgeiy 

Homatropine Sulphate crystallises in silky needles The hydro- 
chloride is crystallisahle and very soluble The chloroplatinate is 
deposited from concentrated solutions in fine crystals BHAuC 1 4 
is described on next page 

Homati opine Hyclrob) omide, G^H^NOgjHBr, crystallises innon- 
dehquescent, flat rhombic pnsms or plates winch form wart-like 
Rgg rogations Accordmg to the British Pharmacopoeia (Additions, 
1890) it is a white crystalline powder or aggiegation of minute pris- 
matic crystals, soluble in 6 paits of cold watei and 133 of alcohol 1 


Detection, and Determination of Tropemes. 

Atropine and the allied bases present a close geueial resemblance, 
alike m their physical, physiological, and chemical characters The 
following table shows the puncipal distinctions between them — 


Molting point, °C 
Optical activity, 

Reaction ot froa 
bane with aloo- 
holic mercuric 
chloride (page 


rotatory 
tad precipitate 


cent eolations Oi 
evaporation, form 
monocllnlo crystals 
melting at 20r 

Lnstieless , yellow 
melts at 136"-188" 


Slender, radiating 


m alcoliolio 
led precipl- 


Notppted lion: 
cent solution! 
evaporation, 
beautiful tr 


low scales, nmltlng 
at lOO’-lflC 

T « “ 


Small octohBdis 


1 “If 2 mimms of clilorofoim lie slioken with 10 minims of a 10 pel cent 
aqueous solution, and chloimo-water be cautiously added, the chloroform will 
assume a brownish colour. A 2 per cent, aqueous solution is not piecipitated 
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Tito reactions of the Uopemcs with aunc chlondo foini tlio best 
distinctions between them Atmpmr aui ni'klonde w tin own down 
fiom dilute solutions as an umoiphous or oily precipitate which 
gradually becomes crystalline Undoi the mitrobtope it appeals m 
rosettes and other veiy eharacteustic foims It melts undei hot 
water, and is deposited from its solution in boiling watei acidu- 
lated with liydroohloiie acid m minute crystals, winch are lustndcss 
after diymg, and melt atl35°-138°, Hyoscyamine aw m him idv is 
precipitated m brilliant, irregular, golden-yelluw scales, appealing 
undei the micioseope m quadratic foims It letums its lu&tac 
when dry, and melts at 1 60°— 1 62°, Hijobcme auroehlot ido crystal- 
lises m yellow piisms which melt at 198°-200°, and oie less 
soluble and less lustmus than tlio liywryamme salt Hamah opine 
awochloi ule is at fust oily, but soon cijstnlhses m prismatic foims 
Scopolamine uuiocliloiide is de&mbod on page 251 

L a d e n b u r g employs the auiocliloiides to sepamte the tropemes 
from each othei The atiopme salt is the most insoluble mid m 
fiactionnl precipitation is thrown down fust, while tlio hyoscyammo 
salt is the most rpadily soluble The alkaloids limy bo lccoveied 
by decomposing the aurocldoiides with sulphuretted huhogcu, 
adding ammonia to the filtiate, and agitating with chloiofoim 
or ether 

The foregoing propeities and reactions are almost the only 
ones affoidnig fairly sharp distinctions between atropine and its 
isomers, The following leactions aic(when not otherwise stated) 
common to the three bases, and distinguish them from other 
alkaloids, 

a By far the most delicate test for the tropemes is their power 
of producing mydriasis oi dilation of the pupil of the eye 
Dilation from the application of a solution wcakei than 1 m 500 
causes little inconvenience to the human eye, but solutions fai 
weaker pioduce the effect quite distinctly, and even poweifully, 
and the eye of a young cat, dog, oi rabbit is to be prefeued In 
making such an experiment, an aqueous solution must be prepared 
either of the free alkaloid oi its sulphate oi acetate. The solutions 

by the cautious addition of a solution of ammonia pieviously diluted with 
twice its volume ol water About a tenth of a ginni moistened with 2 minims 
of nitric acid, and evapoiated to dijness on the water bath, yiolds a lesidue 
which is coloured yellow by an alcoholic solution of potash If about a tenth 
of a gram be dissolved m a little watei, and the solution be made alhalmc with 
ammonia and shaken with ohloioform, the separated chloroform will leave on 
evapoiation a lesuluo winch will turn yellow, and finally hiielc-icd, when 
warmed with about 16 ninnum of a solution of 2 giams ot poichlonde of mei- 
cuiy in 100 minims of proof spmt ” — British Thai macopccia (Additions, 1890). 



256 


REACTIONS OF TROPElNES 


should bo neutral or only feebly alkaline, not strongly contami- 
nated even with neutral salts, and not alcoholic A drop of two of 
such a solution is placed by means of a pipette or glass rod on one 
of the eyes, and the size of the pupil compared with that of the 
fellow-eye from time to tune. E E Squib b (J&phemeris, 11 855) 
states that distinct mydriasis is produced by a solution of 
0 000000427 giamme of atropine sulphate in less than an hour 
Such an intense effect is quite peculiar to atropine and its isomers 
(hyoseine is even more powerfully mydnatie), but more or less 
dilation of the pupil is also produced by cocaine and preparations of 
hemlock (conine) and digitalis Aconitine has a variable effect, and 
nicotine is said fust to dilate and then to contract the pupil 
Certain ptomauies exert a mydriatic effect 

6 Fiee atropine, as obtained by evaporating its ohloioformio or 
etheieal solution (alter liberation of the alkaloid from one of its 
salts by ammonia), gives a red colour with pheuolphthalem This 
reaction is common to hyoscyamine and hyoseme, and is also pro- 
duced by the artificial base homatropme, but is not given by any 
other alkaloid m common use (except, according to P 1 u g g e, the 
volatile bases , cotune and nicotine). Fluckiger, who first 
observed the peculiar behaviour of the tiopomes with phonol- 
pkthalem (Pkcnm Jour, [3], xvi 601), recommends that a minute 
quantity of the alkaloid to be tested should be placed on phenol- 
phthalem paper, which is then wetted with stiong alcohol No 
coloiation will ho pioduced at fust, but on allowing the alcohol to 
evaporate, and touching the alkaloid with a drop of water, a bril- 
liant led coloration will appear On adding alcohol the colour is 
destroyed, but appears again as the spirit evapoiatey 1 

c When a solution of meicuue chloude in pioof-spirit is 
cautiously added to fiee atropine (as obtained by evaporation of a 
chloroform solution after hbeiation of the alkaloid by ammonia), 
avoiding excess, a red piecipitate is produced A, W Gerrard, 
who first described this reaction ( Pimm Joui ,[3],xiv 718), states 
that the precipitate consists of mercuric oxide (with a trace 
of mercurous oxide), and expresses the reaction by the following 
equation — 2C 17 H a3 NO s +HgCl 2 +H 2 0 = HgO + 2C 17 H 2g NO B ,HCl 
Tho atiopme hydiochlonde reacts with an additional quantity of 
nieicunc chloride to form the double chloride BHCl,2UgCl 2 , which 
separates in crystalline tufts when the liquid is allowed to stand 
for a tow hours In a more recent paper (Pharm Jnur, [3], xxi 
898) Gerrard has modified and more precisely defined the method 
of making the test as follows . — 0 1 giam of the fiee alkaloid 

1 This bekavioui is peculiar. Caustic alkalies react peilectly with phenol- 
plithalem in alcoholic solution. 
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(extracted from a salt by ammonia and chloroform) is placed on a 
watch-glass or m a test-tube, and 20 minims of a 2 pei cent, 
solution of mereunc clilonde m proof -spmt gmdually added A 
led coloration is yielded at once by ah opine Byosujamine at first 
becomes yellow, then daikons a little, and finally, on heating, a 
well-maiked icil precipitate is foimed If a large excels of hyoscy- 
armne be used, merely u yellow precipitate is formed, while with a 
Luge excess of the leagcnt no piecipitation occurs 1 HomaU opine 
(page 253) also yields a red precipitate undei the conditions of 
the test, but hyosune gives neither a red nor a yellow coloration 
oi pieeipitate, and hence is sharply distinguished fiom the othei 
tiopeines Geuaid found no red oi yellow pieeipitate to lie pro- 
duced hy strychnine, hiuciue, moiphiue, codeine, v outrun. 1 , acom- 
tmo, conme, gehemine, caffeine, cinchonine, cinchonidme, quinine 
oi quimdine ; tliough most of these bodies gave white precipitates, 
which m the eases of codeine and moiphiue became pale yellow on 
heating This behaviour has been conhimed by S c li w e l s s l n g e i 
{Arch, Phcti m , [3], xxn 827), who also states that cocaine gives a 
white pieeipitate (only appealing m stiong solutions and soluble on 
warming) and scopaimua yellow precipitate with meiouuc cliluudc , 
while strychnine, caffeine, arbutine, spaiteme and coiulmangme 
are stated to yield no reaction Rchweissmger suggests that the 
test might be made quantitative fm atropine by deteimimng the 
mei curie oxide piecipitated , but this would only be possible in the 
absence of alkaloids or other substances giving precipitates of 
any kind with mercuric chlonde The value of Gen aid’s test has 
also been confirmed by FI hckigei (Pharm Jam , [3], xvi 601), 
who found cocaine to give a pure white precipitate which veiy soon 
turned red 

cl Gotraid has also observed (Pharm Jour , [3], xvi. 762) the 
hheiation of mercuious oxide fiom calomol and other 
meicurnus salts hy the action of atropine If atropine he dissolved 
in alcohol, and foiu measures of water added, the solution will 
immediately piLcipitate black mercurous oxide from a solution of 
mercurous nitrate fiee from excess of acid Thi < > is best piepared 
by adding caustic soda, drop by drop, to a solution of mercurous 
nitrate until a slight permanent precipitate is produced, and then 
filtering 

e D T 1 1 a 1 1 lias observed that if a minute quantity^ of solid 
atiopme he treated with a diop of fuming nitnc acid, the liquid 

1 H a r n a c 1c (Chem Zcit , \i, 62) disputes the identity of hyoscyunune and 
duboisine, and states that the founer gives a clear solution with Geirnrd’s 
reagent, a alight turbidity appearing on continued heating, while duboisine 
gives a white turbidity immediately, and on naiming a white pieeipitate 
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evapomted at 100°, and the residue when cool touched with a 
drop of a freshly-piopaied solution of caustic potash m absolute 
alcohol, a magnificent violet coloiation is pioduced, which slowly 
changes to daik led and ultimately disappear, hut can be lepro- 
duced by adding moie alcoholic potash The violet lcuction is 
almost peculiar to atropine and its isomeis, and is saul to he 
produced by 0 0001 milligramme of the alkaloid Out of some 
sixty alkaloids examined no otheis weie found to give a violet 
coloiation The coloiation is not produced if aqueous potash ho 
substituted for the alcoholic solution, Stiyehuine gives a red, 
brucine n greenish, and homatiopine a yellow colour when simi- 
larly treated Arnold {Arcli Pharm, 1882, page 664) modifies 
the test by moistening the alkaloid with stiong, cold snlnhnric acid, 
and then adding a fiagment of sodium mtufe With atropine a 
yellow colour is pioduced, which,"" on applying alcoholic potash, 
changes to loddish violet and then to pale rose Strychnine gives 
an orange-ied colour, hut homatiopine behaves like atropme 
Alkaloids which yield Btrong coloiations hefoie the application of 
the alcoholic potash ( e g , morphine, naicotme, naicemo) rendei the 
test inapplicable. Eluckiger ( Pharm Joui , [3], xvi. 601),- 
recommends that 1 milhgiammo of atropine and about the same 
quantity of sodium nitrate should be rubbed together with a glass 
rod, the end of which has been moistened with a very little con- 
centrated sulphuric acid A saturated solution of caustic soda m 
absolute alcohol is then added drop by drop , when m presence of 
atropine a red or violet colour will be produced When sodium 
nitrite is substituted for the nitrate in the above test, an orange 
mixture is obtained, which, on dilution with a strong aqueous solu- 
tion of caustic soda, turns in succession to led, violet and lilac 
E Beckmann (Aich. Phavn , [3], xxiv. 481) has pointed 
out that veiatrme behaves somewhat similarly to atropine with 
Vitah’s test , bnt states that with nitrous acid or a mtute instead of 
nitric acid, and aqueous instead of alcoholic potash, atiopine gives 
a reddish violet coloration, and veiatrme a yellow one 
/ When atropine is heated to the boiling-point with a mixture 
of equal measures of glacial acetic and stiong sulpbiuic acids no 
coloration is pioduced , but after a time the liquid exhibits a well- 
marked yellowish or hiownish gieen fluorescence After cooling, 
the liquid has a pleasant aromatic odour in addition to that of 
acetic acid The behaviour of other tropeines with this test, which 
is due to E Beckmann, does not appear to have been recorded 
Veratnne gives a similai brownish fluorescent liquid, but during the 
previous heating the solution acquires an intense cherry-red colour. 
g. According to A. Wynter Blyth, ifa particle of atiopme lie 
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treated, with a few drops of concentrated baryta solution, the liquid 
evaporated to diyness, and the residue stiongly heated, an agreeable 
odour resembling that of hawthorn- blossom will be perceived 

h According to the German Phm macopma, if at least 0 001 
gramme of atropine sulphate be heated m a small test-tube until 
white vapours appear, and 15 gramme ( = 0 8 cc.) of sulphuric 
acid he then added, aud the heating continued until the mixtuie 
begins to turn brown, on then adding 2 c c of water an agieoahle 
odour will he pciceived , and on further adding a crystal of 
potassium permanganate, the odour of bitter-almond oil will be 
obtained. 

i A saturated solution of bromine in hydrobromio acid 1 gives 
with atiopine and its salts, even iu very dilute solutions (1 10,000), 
a yellow amoiphous piecipitate, which m a short time becomes 
crystalline The piecipitate fiom somewhat strong solutions of 
the alkaloid disappears after a time, but is immediately reproduced 
on adding more of the reagent The piecipitate is insoluble m 
acotic acid, and only very spaungly soluble in a large excess of 
the mineral acids or fixed caustic alkalies It is eien produced 
from a solution of atropine m concentrated sulphuric aud Tlio 
microscopic appearance of the precipitate is highly cliaiacteiistic, 
exhibiting under a magnifying power of 75 to 126 diameters 
lanceolate, leaf-like crystals, grouped together like the petals of a 
flower These forms may he obtained by the spontaneous evapoia- 
tion of a drop of liquid containing only 575^5 gram of atiopme. 
If not produced, a drop of water should be added, and evaporation 
repeated T G, Wormley, who is the obsen er of the reaction, 
considers the formation of the crystals quite characteristic of 
atropine or hyoscyamme. Most alkaloids give yellow precipitates 
with Woimley’s reagent, hut all these deposits, except those pro- 
duced by atropine, hyoscyamme and meeonm, remain amorphous , 
and that produced by the last-named substance lias quite a different 
microscopic appearance from those foimedby the mydriatic alkaloids 
The, behaviour of hyoseme with Worm ley’s reagent has not been 
recorded. 

j A solution of iodine m iodide of potassium tbiows down, from 
solutions of atropine, hyoscyamme and hyoseme, acidulated with 
hydrochloric acid, the whole of the alkaloid as a reddish broiy n or 
dark green amorphous precipitate of the tn-iodide, insoluble m 
acetic acid, but somewhat affected by otliei acids Dunstan and 
Ransom ( Pharm . Jom , [3], xiv 625) recommend the reagent far 

1 Wormley states that m the absence of hydiobiomic acid, a solution of 
bromine m alcohol may be used A solution m liydrochlonc acid would 
appear preferable 
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tlie purification and determination of atropine and its isomers For 
this purpose they dissolve the alkaloid in dilute hydrochloric acid, 
and add excess of a stiong solution of iodine in potassium iodide 
The precipitate at once agglomerates, and is filtered off, slightly 
washed with the solution of iodine, and then decomposed by 
pouring on the filter a solution of sodium thiosulphate, which 
dissolves it to a colourless liquid, from which the alkaloid is 
recovered hy addition of ammonia and agitation with ch'loioform 

k Mayer’s reagent precipitates atiopine and its isomers from 
solutions not too dilute, and has been employed with limited 
success for their quantitative determination The characters of 
the precipitate and the best method of opeiatmg have already been 
fully described (page 140 et seq ) 

l Potassio -iodide of bismuth and potassio-iodide of cadmium 
preoipitate atropine from highly dilute solutions Their reactions 
with the isomeiic alkaloids have not been lecorded. 

in Pliosphomolybdio and phospliotungstic acids precipitate 
atropine and its isomers from somewhat dilute solutions, and aie 
of service for concentrating the alkaloids and sepaiatmg them from 
other organic matter, 

n An alcoholic solutjon of picric acid yields a yellow amorphous 
precipitate in solutions of atropine which are not too dilute The 
precipitate becomes crystalline after a time, and appeals under the 
microscope in highly characteristic forms With hyoscyamine, 
picric acid yields an oily precipitate, rapidly solidifying to right- 
angled larnmte, veiy similar to those formed hy atropine picrate 

The reactions of atiopine and its isomeis with other reagents are 
not ehaiacteiistic Potassium iodide, thiocyanate, feirocyanide, 
fenicyanide and chromate fail to precipitate even concentrated 
solutions of these alkaloids 

Atiopine and its allies are not removed from acidulated solutions 
by agitation with immiscible solvents Fiorn solutions rendered 
alkaline hy ammonia, or an alkali-metal carbonate, they are readily 
and completely extracted hy chloroform, and with less facility hy 
ether The separated solution may be evapoiated, and the residue 
dried without loss at 100° The bases thus isolated are distin- 
guished from all other well-known alkaloids by their power of 
reddening phenolphthalein (test b), and (with the exception of 
hyoscme) giving a ied precipitate when warmed with an alcoholic 
solution of meicuric chloride (test c) The alkaloidal residue may 
be titrated with standard hydrochloric acid, using litmus or methyl- 
oiange as an indicator, and further purified, if desired, hy con- 
verting the resultant hydioclilondes into the tn-iodides (test e), 
and recovering the alkaloids from the precipitates. 
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Toxicological Detection op Atbopine and its Allies 
Atropine, hyoscyamine and hyoscma aie all highly poisonous 
Cases of poisoning by the pure alkaloids are rnrt, but both criminal 
and accidental poisoning by the plants of which they are the 
active principles have been fiequent , and, m Indio, poisoning by 
stramonium lias achieved the position of a profession. 

The symptoms of poisoning by atropine and its isomers are thus 
described by A. Swame Tayloi —Heat and dryness of the mouth 
aud throat, nausea, vomiting, giddiness, indistinct or double vision, 
delirium, great excitement and restlessness, convulsions followed by 
drowsiness, stupor, and lethaigy. 1 The pupils are much dilated 
and the eyes insensible to light Occasionally the pupils are 
contracted during sleep, although dilated in the waking state 
The symptoms often come on veiy soon aftei taking the poison, 
while recovery may be delayed for several days, or even weeks. 
The symptoms of poisoning by sbamomum are veiy similar to 
those produced by belladonna and hyoscyamus, but more severe 
Ringing in the ears, dryness of the thinat, and flushed face are early 
symptoms Delirium of a violent kmd, with spectral illusions, 
comes on rapidly, and the pnpils are widely dilated. There is 
often paialysis of the lower extremities 

The post-mot ton indications of poisoning by atropine and its 
isomers are not characteristic, except that the pupils aie dilated 
The brain and its membranes are found congested Where solid 
parts of a solanaceous plant have been oaten the fragments may 
often be found m the stomach, and identified by their botanical 
and microscopic characters. 

The detection of atropine and its isomers m cases of poisoning 
may he effected by the Stas-Otto piocess Heating with 
alkalies or mineral acids must he avoided, or the alkaloid may 
undergo hydrolysis (page 246) Hence taitaric or acetic acid should 
be used to acidify the matters to be examined Ammonia or a 
carbonate of alkali-metal should be used to liberate the alkaloid, 
and ether or (preferably) chloroform employed for its extraction 
The tests most serviceable for the recognition of atropine and its 
isomers m cases of poisoning are — 

1. The dilation of the pupil (page 255) 

2 The reactions of the fiee alkaloid, as obtained m the chloro- 
form-residue, with phenolpbthalem and a spmtuous solution of 
mercuric chloride. 


1 The symptoms of ati opine poisoning, especially m eluldien, aie not unlike 
those of scarlet fever Some cases resemble i abies, and the gannlous delirium 
and hallucinations of an adult are veiy smnlai to those of delirium to emeus 
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3 The reaction of a solution of the alkaloid with bromine (page 
2 5 9), and the microscopic appearance of the precipitate 

4. The production of a violet colour by Yitah’s test (page 257). 

6 The evolution of an agreeable odour when the alkaloid is 
evaporated to diyness with baiyta-water, and the residue heated. 

6 The micioscopic appearance of the picrato. 

Atropine does not appear to suffer change m the body after 
death It has been detected after a considerable interval of tune. 
Ptomaines havmg a myduatic action have been met with. 

Belladonna, Henbane, and Stramonium. 

Ati opa belladonna, or deadly nightshade, 1 UyosnyamuB nicjer or 
henbane, 2 and Datura stiamomum or thorn-apple 3 are the three 
chief sources of the tropeines , but these or similar alkaloids are 
found m a number of allied species, and the poisonous alkaloid 
sola nine occurs m all the species of Sol mum, as well as in 
other membeis of the Solmacew 4 

In addition to the alkaloids, which are probably in combination 
with malic acid, belladonna wot contams cellulose, staieh, 
sugar, lnulm, asparagm, fatty matter, a fluorescent substance, 6 and 

1 Fiench, la Pdladone, la Moiellc fwneuse, Geiman, Tollkiische , Wolfs- 
Jaifahe, Tollliaut 

2 French, la Jusqmame , German, Bilscnbaut 

8 Fionch, Stiamome, Goiman, Sterhapjcl 

4 A minute pi opoi tion of an alkaloid, apparently identical with hyoscyamme, 
lias been found in lettuce by T S Dyniond ( Proc . Qhem Soo , 1891, p 385) 

8 The fluoiescent substance contained in belladonna loot, and pi eaent also 
in the leaves and stalk, is oalled by H Kunz (Aicli Pimm., [8], xxm 722) 
chrysah ojno acid, and is said to have the foimula G I2 H 10 O c H F as eh k is 
{A'tch Phi) m , [8], xxm 641, xxiv 165) has isolated nhat is appaiently the 
same body fiorn the benies of lipe belladonna, and ascubcs to it tlio formula 
C u H a 0 4 Ho eonsnlcis it identical with the scopoletin obtained by 
Eykman from Bcopoha japooua It forms pale yellow, rhombic pnsms or 
needles, melting at 198°-201", and subliming without decomposition when care- 
fully heated It dissolves in about 80 parts of hot water, more spaimgly in 
cold wntei and ether, but leadily in .acetic acid, alcohol, ohloioform, amyho 
alcohol and benzene It is extracted by the last three solvents from its aqueous 
solution The aqueous, alcoholic and ammoniacal solutions exhibit n splendid 
blue fhioicsconce when dilute, and emeiald-green when coneenliatod. The 
fluoiescenee is destroyed by acids Fenio chloride gives an emeiald green 
coloration changing to cobalt blue Folding's solution and ammouio-nitiato 
of silvei arc reduced on warming. In modeiatoly concentrated mtnc acid the 
substance dissolves with yellow coloiu, changed to blood-ied by ammonia 
(This reaction resembles that ofeesculm, observed by Sonnensoliem ) 

Kunz isolated clivysatropie acid by tieatmg the extract of belladonna with 
acid and agitatlDg with ether On evaporating the ethei, and washing the 
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a led colourmg-mattei called a t r o s 1 n, -which is also found in 
considerable quantity in the hemes The proportion of staich in 
young belladonna roots is considerable, hut it is piesent only to a 
limited extent m older and more -woody roots, and, accoidmg to W 
M e r z, is almost entirely absent during summer The following 
analyses of air-dry belladonna roots aie due toE M. Holmes — 


Moistuie, . 
Soluble ash, . 
Insoluble asli, 
Alcobolio extract, 
Aqueous extinct, 


Woody Boots 
7 94 per cent 

3 43 „ 

4 60 „ 

22 53 „ 

16 96 „ 


Soft Boots 
10 28 per cent 
2 '20 „ 

3 68 „ 

29 87 „ 

10 60 „ 


Belladonna leaves contain cellulose, chlorophyll, alkaloidal salts, 
fatty and lesmoua matters, &c Choline is present, and, according 
to Blitz, asparngm sometimes crystallises from the extract after 
long keeping, but the crystals obseived by Attfield consisted of 
potassium nitrate and chloride By dialysis, Attfield isolated 
potassium nitrate, and square prisms of an organic salt of magnesium 
IC u n z found 0 6 per oent of succinic acid m an extract prepaied 
from the herbaceous parts of belladonna Fluckiger found the 
ash of diy belladonna leaves to amount to 14 6 pei cent, and to 
consist chiefly of the caibonates of calcium and the alkali-metals 
With regaid to the aUaJouls of belladonna, O Hesse 
(Annalen, cclxi. 87) states that m his experience the herb of 
cultivated belladonna contains atropine almost exclusively, hut that 
it is associated with other alkaloids in the leaves of wild plants, 
and especially m the roots of both kinds In an old root, Hesse 
found much hyoscyamme but no atropine E Schmidt ( Pharm 
Zeit , 1889, page 683) found hyoscyamme but no atropme m full 
grown roots which had been kept for years. In roots of one year’s 
growth lie found both atropine and hyoscyamme, hut the latter 
alkaloid only m fresh old roots The leaves of wild belladonna 
contained much hyoscyamme and a little atropme, while the upe 
berries contained atropme only E Schmidt has found both 
hyoscyamme and hyoseme in Scopolia atiopoides and Scopolia 
japoniea, 1 and traces of an alkaloid having a mydnatie action m 
Solatium tube? osum, S mgium and I/yaium barbarum Mandra-' 
gome, the alkaloid of MwnUrayot a vemalis, is mydnatic and 
possibly isomeric with atropine (page 243) 


crystalline residue with cold ethei, chrysatiopic acid remained, while leuco- 
tiopio acid, GjjH.qO,,, dissolved The latter is a hitter substance, crystal- 
lising m micioscopic pnsms which melt at 74° 

1 Dunstan and Chaston found the olkaloid of Scopoha, eamiolica to consist 
of liyoscj amine with a possible tiaoe of hyoseme. 
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A W Gen aid ( Tear-Book Pharm , 1881, 1882, 1884) has 
published a number of valuable obseivations on belladonna, m 
which he found the following percentages of alkaloid — 


Wild Plant 


Cultivated Pumt 


Three jaara, 
Pour years. 




Leaves 


280 -481 

881 '407 


870 


320 

151 


These and othei observations of Gerard show that the leaf of 
belladonna is the part of the plant richest in. alkaloid, the root, 
fruit, and stem coming next m the ordei stated 1 The results of A 
B Lyons ( Manual of Pharmaceutical Assaying) do not Bhow 
the same distinction, for in twelve samples of (mr-dried) leaves the 
proportion of alkaloids varied from 0 41 to 0 69 per cent , and m 
fifteen samples of loots fiom 0 47 to 1 36 per cent The extractive 
matter in the leaves (au-dned, and treated with 66 per cent 
alcohol) ranged fiom 6 6 to 12 1 per cent, and m the roots from 
22 6 to 31 5 per cent, with an average of about 8 pel cent of 
moisture Lyons states that the pressed leaves do not suffer 
deterioration when kept for six yuais 

R Hordes found 0 68, and von Gunther 0 83 percent 
of alkaloid m belladonna loaves, while L e f o 1 1 gives the average 
yiel.d fi’om 8 specimens at 0 436 per cent 

As the general result of published investigations, Farr and 
Wright state that the proportion of alkaloids in good specimens 
of commercial belladonna leaves ranges from 0 30 to 0 87 per 
cent, their own expenments vaiying between 0 30 and 0 90, with 
an average of 0 49 per cent Geinian leaves are distinctly poorer 
in alkaloid and extractive matter than those of English growth, 
and hence the BP direction to prepare the tincture from the 
leaves of “plants giown in Britain” should be strictly obseived As 
one part of belladonna leaves produces 20 parts of the BP 
tincture, it follows that the proportion of alkaloid in this prepara- 
tion averages 0 026 per cent , which strength might advantageously 
be adopted as a standard 

For the assay of belladonna root, Du ns tan and Ransom 
{Pharm. Jour, [3], xiv. 623) recommend extraction m the 

1 Tho influence of age on the propoition and nature of the alkaloids ot 
belladonna lias also been studied by So lintte (Pharm Join , [8], x\n 429). 
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following manner — 20 grammes of the dry and finely-powdered 
root is extracted by hot peieolation with a mixture of equal 
volumes of chloroform and absolute alcohol 1 If an extiaction- 
apparatus be used about 60 c o of the mixture will be required 
The solution is agitated with two successive quantities of distilled 
Water, using 25 c.c each time The separation of the aqueous 
liquid from the cldoroform occurs promptly and completely on 
warming the liquid slightly The cbloiofoim retains neaily the 
whole of the colouring-matter, while the alcohol and alkaloids (as 
salts) pass into the water 2 The aqueous layei is separated, anil 
agitated once with chloroform to remove the last traces of colouring- 
matter, after which it is rendeied alkaline with ammonia, and 
agitated twice with chloroform, using 25 cc each time, to extvact 
the alkaloid The separated chloroform is agitated dice with 
water rendered faintly alkaline with ammonia, and then evapoiated, 
the residue being dned at 100° till constant m weight The 
alkaloid thus isolated is obtained as a perfectly tiansparent fused 
mass. It is soluble m water, and the aqueous solution gives pie- 
cipitates with Thresh’s, Mayei’s, and Sonnenschem’s reagents 
(pages 136, 138) It gives a faint white precipitate with mercuric 
chloride, and a copious white precipitate with gallotannic acid 
cautiously added This last precipitate is very readily soluble m 
a slight excess of the reagent, a distinct trace, however, invariably 
lenmnimg undissolved (Farr and Wright). 3 

Instead of weighing the isolated alkaloid it may be titrated 
with standard acid and litmus (or methyl-orange) as recommended 
by Germ'd (Teat -Booh Pharm, 1881, page 447). 

Dunstan and Ransom ( Year-Book Pharm , 1885, page 
391) recommend continuous percolation with boiling absolute 
alcohol for the extraction of the alkaloids fiom belladonna leaves, 
and they proved that the leaves thus treated yielded no further 

1 Clilmofonn alone extracts the alkaloids veiy incompletely Alcohol 
employed alone dissolves imioli exLractivo matter nlncli impedes the subse 
quont extinction and purification of the alkaloids, If i edified spirit instead 
of absolute alcohol be employed in admixture with ehlorofoim, the water pio- 
sont causes swelling of the matenal, and the piogiess of the extinction is 
senonsly impeded Dunstan and Ransom proved that the mixtuie of equal 
measures of ehlorofoim and alcohol rooommended by them completely extracted 
belladonna root, and that pme atiopinewas not appieciably allectcd by pio- 
longed boiling with the solvent 

2 Although Dunstan and Ransom found the whole of the alkaloids to pass 
into tlio aqueous liquid, A B Lyons points out that it is desnahlo, as a 
piecaution, to make a small addition of sulphuric acid to the watei employed 

0 The alkaloids from stiamonium behave sumlaily, piobably owing to the 
presence of a small quantity of anothei (third?) alkaloid 
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quantity of alkaloid when boiled with dilute hydrochloric acid, or 
when mixed with lime and extracted with chloroform From the 
extract obtained on evaporating the alcoholic liquid, they found it 
impossible to remove the whole of the alkaloid, even by many 
successive treatments with water or dilute hydrochloric acid 
They therefore recommend that the alcoholic liquid should be 
diluted considerably with water acidulated with hydrochloric acid, 
and the liquid then shaken repeatedly with chloroform to remove 
the chlorophyll and fat 1 From the liquid thus purified the 
alkaloids can readily he obtained pure by adding excess of ammonia 
and extracting with chloroform, 

A modification of the foregoing process is recommended by 
D u n s t a n and Ransom for the assay of the solid exti ad of 
belladonna Two grammes should he warmed with dilute hydio- 
chlonc acid until as much as possible is dissolved, when the 
liquid is filteied through cotton or glass wool, and the residue well' 
washed with hot dilute hydrochloric acid The filtrate is repeatedly 
shaken with chloroform to remove chlorophyll, then ammonia 
added, and the liberated alkaloids extracted with chlorofoim 

The tincture of belladonna can olso he assayed by the foregoing 
process after evaporating off the greater part of the alcohol, 2 and 
the same remark applies to the fluid exti ad It is, however, m 
many cases preferable to treat the clear liquid at once with ammonia 
and chloroform On subsequently treating the separated chloro- 
form with dilute snlphuiic acid, the oolomnig-mattcrs remain in 

1 J Williams suggests that it would bo batter to employ etlioi at tins 
stage of the process 

2 P an and Wright have shown that the strength of alcohol used m ex- 
hausting the ding has little eftect on the proportion of alluluid in the tinctuie, 
though it very greatly affects the proportion of mucilaginous and colouring 
matters extracted, and the former of theso impede the sepaiation of the chloio- 
fonnio and aqueous layeis The difficulty may be overcome by evapoiatmg 
the tincture to a syrup and heating it with stiong alooliol, which piewpitatos 
the mucilage, and the filtiate gives on ovapoiation a liquid which can be 
readily dealt with 

Farr and W 1 1 g h t find it impossible to lemove tho whole of the alkaloids 
of belladonna (and henbane) by repeated agitation with etlioi in piesenco of 
ammonia, at least 20 pel cent at the total lemaining unoxtiactcd by ethoi, 
but recoveiable by subsequent agitation with ohloioform Hence othei is an 
unsuitable solvent foi extracting mydnatio alkaloids, and the losults of 
Genard and otheis who have used it nio piobably below tho truth In 
fart, Gen aid himsolf states that sovoial extractions with ether nio necca- 
saiv, and that, as u nilo, lie subsequently lendois the anmiouiacal solution 
neutial with citric ol taitnnc aoid, evaporates it to a small volume, heats it 
again wi til ammonia, and again agitates with ellioi 
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the chloroform, while the alkaloids can he recovered in the pure 
state by rendering the acid liquid again alkaline, and agitating it 
with chloroform 

A W. G- e r r a r d has employed substantially the same process 
as the above for the assay of the root and leaves df henbane { Phat m 
Jour , [3], xxi 212 , xxn 213) The substance is dried at 100°, 
powdered, and exhausted with proof-spirit The spmt is distilled 
off, and the semi-fluid extract treated with water containing 1 per 
1000 of hydrochloric acid, filtered, and the filtrate further diluted 
to 100 oo The alkaloids are extracted by ammonia and chloro- 
form in the usual way, punfied by solution m ether, and agitated with 
hydrochloric acid , again liberated by ammonia, extracted by ether, 
and determined m tho alkaloidal residue by titration with deoi- 
normal hydiochlonc acid. The following results aie recorded . — 


Variety of 
.Henbane 

Fait Used. 

Wheie Grown 

Yield of Alkaloids 
pec 1000 

Biennial, 

Roots. 

Middlesex. 

1-002 ' 


First year’s leat 

Lincolnshlie 
Lincoln shne 

1 oao 


Second year’s leat, 

Middlesex 

Middlesex 

602 

,072 

C80 

Annual, 

leaves and tops 

Leicestershire. 

Suuey 

Middlesex 

041 

701 

Annual^ 

Entlie hoi b 

Germany 

206 


s yoai a eaves 

Second yeai’atops (old) 

England. 

England 

H9Q 

451 


Gerraid’s experiments appear to' show that a considerable falling 
off in the alkaloidal value of the leaves oceuis with age He 
consideis that bnglit-coloured, well-pi e&erved henbane, whether 
annual or biennial, can be relied on to yield good pieparations, 
while old and daik-coloured leaves, containing stalks and flint, 
should he avoided He regards the first yeai’s root of biennial 
Hyoseyamus nujer as much ucher in alkaloids than the herbaceous 
portions of the plant, but both os much poorer than the respective 
parts of belladonna 1 Syoscyamm albus is much used in the south 
of Europe, hut no greater strength is attributed to it 

1 These conclusions aie entirely m 1 opposition to tho experience of E 
T li o r e y (Dragendoi ff s Quelquts Drogues AUi%es ), who found henbane to 
contain alkaloid m gientest quantity m the leaves, next in the fimt, then in 
the roots, and lastly m the stalk The substance was first exhausted with 
petioleum spirit to fiee it fiom fat, then dnsd, finely powdered, and extracted 
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F. Ransom found 0 - 58 per 1000 of pure alkaloid in the 
seeds of biennial henbane grown at Hitchm Henbane seed is 
used m Germany for the preparation of the alkaloid 

Harr and "Wright ( Pliarrn Join , [3], xxn 255) have proved 
that practically the whole of the alkaloid of henbane is contained 
in the tincture. From 100 Cc of tincture (corresponding to 12 5 
grammes of the substance), prepared from diffeient parts of the 
plant, they obtaihed the following weights of alkaloid — 


Dried leaves, average, 
Recently dued tiesh loaves, 
Seeds, 

Root-baik, 


Hem 100 pints of 
0‘0824 per cent 
0 104 „ 

0 ISO „ 

0 160 


Fiom sti cimonium seeds, J D A Hartz ( Pharm Jour, [3], 
xv 203) obtained 0 167 per cent of alkaloid, hy extracting the 
fit from the dried substance by petioleum spirit, then removing 
the alkaloid with proof-spirit, and proceeding m the usual way 
Harr and Wright found from 016 to 0‘24 per cent of alkaloid 
m stramonium seeds E Schmidt found, m four samples of 
stramonium seed from different sources, 0 26 0 37, 0 06, and 0 20 
per cent of total alkaloids Fiom 60 to 70 per cent of these con- 
sisted of pure atropine melting at 115° C The remainder, which 
was much more difficult to ciystallise, consisted of hyoseyanuno, and 
probably other bases and their decomposition-products Rut the 
relative proportions of the alkaloids are probably very variable, os 

with faintly acidified rectified apint at a teinpeiature of 30°-40° C The 
alcohol was distilled off, and the lesidual liquid filteied The filtiatewas 
purified by agitation with chloroform oi petioleum spnit, then londcred 
alkaline with potash or ammonia, and the alkaloid extracted by ugitatiou with 
chloroform The following figures, by Thorey, represent the percentage pio- 
porhons of alkaloids obtained fiom the dned mateuals — 
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Ladenburg found hyoscyamine to piepondeiate, and Schiitte 
found that both fresh and old stramonium seeds yielded chiefly 
hyoscyamine, with small quantities of ready-formed atiopme and 
scopolamine. A. B Lyons ( Manual of Phai mareutv.al Assay- 
ing) found m five specimens of stramonium seed proportions of 
alkaloid (titrated by Mayer’s solution) ranging from 0 45 to 0 55 
per cent , the extractive matter yielded to strong alcohol by the 
same samples varying from 3 3 to 7 5 per cent. In eight samples- 
of st'i amomum leaves, Lyons found fiom 0 40 to 0 52 per cent of 
alkaloid (titrated), and from 19 5 to 26 3 per cent of extractive 
matter yielded to Spmt of 66 per cent Farr and Wright ex- 
tracted from 0 12 to 0 22 per cent of alkaloid from stramonium 
leaves 

R X o r d e s (“ Inaugural Dissertation,” Dorpat, 1888) found the 
following peicentnges of alkaloid in the sources stated — 


Leaves Roots 

Belladonna, . , . , 0 6 1 pci cent 0 74 pel cent 

Hyoscyamus, . . . , 0 16 „ 0 18 „ 

Stiamoninm, . . . 0 20 ,, 0 16 „ 


R. Routes has also published the results of analyses of a laige 
numbei of exti acts of belladonna, henbane and stramonium. 1 His 
figures show the yield of extract, the percentage of watei and 
alkaloid m the preparation, and the proportion of total alkaloid 
obtained m the extract 

D nn st an and Ransom ( Pliaim Join , [3], xvi 777) found 
the alkaloids in nine commeicial specimens of solid extract of bella- 
donna root to vary from 1 66 to 4*45 per cent , the water ranging 
fiom 16'0 to 21*6 per cent They state that the extract contains, 
besides atropine and hyoscyamine (and possible traces of another 
alkaloid), the fluorescent substance called clirysatropiC acid (page 
262) and “ much dextrose ” This observation is of interest m rela- 
tion to the assumption ofSchweissinger (Pharm Zeit , 1886, 
page 101), that a genuine extract of belladonna leaves contains no 
substance capable of reducing Fehlmg’s solution at a temperature of 
60°-70° C, any reddish turbidity or precipitate being probably 
due to sophistication with dextnn oi the extract of dulcamara 
or taiaxacum Analyses of various extracts of belladonna have 
been published by J C Umney (Phaim Jum , [3], xxu 364) 

L van Itallie, recommends that the extracts of belladonna 
and henbane should be assayed by treating 6 grammes of the' sample 
with 10 diops of dilute sulphuric acid (1 20), diluting with water to 
50 c c , and maceiating for some hours. Twenty-five c c of a 10 per 

1 Also analyses of extracts of conium, cheledomuin, aconite, nux vomica and 
physostigma 
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cent, solution of lead acetate is then added, and after allowing the 
precipitate to settle the liquid is passed through a dry filter From 
RO co of the filtrate the excess of lead is precipitated by 10 c c of 
dilute sulphuric acid (1 10), and the liquid again filtered Fiom 
50 o e. of this second filtrate the alkaloids are then liberated by 
ammonia, extracted by three agitations with chloroform, the solvent 
evaporated, and the residual alkaloids dissolved in spmt and titrated 
with oentmormal acul. 


COCA ALKALOIDS . 1 

The leaves of E> ythroxylon coca and allied species 2 contain a 
number of closely-allied alkaloids, all of which appear to be 
derivatives of e ego nine, C 9 H 1B NO s , a base which E inhorn 
and Hesse regard as a derivative of tetrahydropyridme 
(pages 106, 164), and to which they assign a constitution expressed 
by the following formula — 

g®*™tCH(OH)CH,CO OH1| hoh> 


According to this foimula, ecgomue is methyltetrahydro- 
pyridyl-/?-hydroxypiopiomc acid When heated 
with haryta, it splits into carbon dioxide and i so tr opine, and 
hence may be regarded as isotropy 1-carboxylio acid. 


Me 0,H r E OH(OH) CH a COOH~CO_, + Me C s H 7 K.OH(OIT) CH 3 H 
Ecgmmie Isotiopiue 

The relation between eegomne and isotiopine (and theiefore 
between cocaine and atropine) is equally evident from a comparison 
of the formula of their respective anhydiides . — 


MeIf {oHC™ CHOOOH)OH '} 

Anhydro ecsonme. 


MelS T j 


CH (CII CEL) CH„ 

ciichch 2 

Tiupldlne 


The hydrogen of the hydroxyl-group of eegomne can be substi- 
tuted by acetyl, benzoyl, cmnainyl, and other acid-radicals Thus — 


Benzoyl-ecgonme, Me C 6 H 7 H CH(O.C 7 H s O) CH„ COOH 
Cmnainyl-ecgomne, Me C 5 H 7 N 0H(0 C B H 7 0) CH“COOH 


1 The author is indebted to Dr B. H. P Mil and Ml A. J. O o w n 1 e y for 
pai usal and correction of this seotion. 7 10 

f pL™ Wa i° f nf ^ 1 ge ™ S ***"•¥*»» ™ &vind in Bum] 

[Uiarm, Jour [3], xvn 607) , but most of those species, other than R cava 
ywlaveiy little cocaine (Pharm, Jour, [3], xix. 70) 



BASES OF COCA. 


271 


By heating those compounds with alkyl iodides, the conespond- 
ing esters may be obtained . — 

Methyl benzoyl-ecgomne (cocaine), Me0 6 H 7 N 0H(0 C 7 II 8 0) CH a CO OC Hj 
Ethyl benzoyl-eegonine(homooooaine), MoC 0 H 7 N 0H(O C 7 H„0) CH 3 CO OC S H 0 
Methyl cinnamyl-ecgomne, . . MeC' 8 H 7 N CH(0 C„H 7 0) CH 2 CO OCH s 


Methyl benzoyhecgonme or cocaine is the most impoitant 
and characteristic of the bases of coca Methyl cmnainyl-ecgoninc 
occurs occasionally, in small quantity, m the broad-lear ed South 
American coca, and regularly, and sometimes ill consideiablo 
quantity, m Tmxillo coca 

When dibasic acids ieact on ecgonme, bodies of more complex 
constitution lesult One of these (the methyl-ester of a substance 
polymeric with cmnannc aoid, called by Hesse cocaic acid, 
C 18 Hie0 41 and by Liebemiann y-isatropio or truxillic 
acid), is the cocamine, C 8B H 48 N 2 O g , of Hesse, and the 
isatropyl-cocaine or a-tiuxilline of Lieboitnann. 
The next higher homologue of cocayl-ecgomne methyl-ester also 
appears to exist in coca, as also the coirespondmg derivatives of 
iso-cocaic (/3-tnixillic) and homo-isococaie acids 

The following is a list of the bases lntheito detected in coca 
leaves The amorphous base to which Hesse gave the name of 
cooaidme has been proved to be a mixture ; and the volatile 
base called hygrmeby Lossen has not since been obtained 


C,H 17 NO a> Auhydi o-eogomne, O a H la N j ° 0 } , or MeCjHjN GH OH OOOH 

_ (OH 

QoHijNO s , Ecgonme, . . C 8 H J3 ir j qq qjj 

C u H 10 NO 4 , Benzoyl-ecgonine, C a Hi 3 N | qo^ojj 0 


C 17 H 21 N0 4 , Benzoyl-eogowne 

methyl-ester L O a H u N j 
(cocaine), ' ) 

C 18 H s 1 N0 4 , Cinnamyl ecgonme, C s H la N | 


0 C 7 H 5 0 
CO OCH a 
O CjHjO 
CO OH 


CjoHjaHOi, Cimmmyl-eegonitie 
metliyl-estcr, 

CgaHjjHjOj, Cocayl - ecgonme 
methyl-ester 
(cocamine), 


I °» h “ n {co G och 3 
) c a H I3 iir(CO och 3 )o 
rc 8 H 13 N(CO 0CH s )0 


Gi B H u O s 


C 40 H S0 NjO a , Homococamme, 

C 17 H 10 HO 3 , Benzoyl-pseudo- 
ti opine, 


1 C 8 H ]3 N(00 0CH 3 )0 
J C a ff la N(C0 0€H 3 )0 
j-C B H 14 N0(C 7 H E 0) 


j 0 ia H, 2 (CH a ) a 0 2 


Isomendes of cocamine and homococamme piobably exist in 
coca, as Hesse has isolated from the pioducts of kydiolysis iso- 
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cocaic and homo-isococaic acids Similarly, Lieber- 
mann lias isolated, two isonieis of cmuamic acid, isocinnam.10 
and allocinnamio acids, fiom the products of the decom- 
position of coca bases 

With the exception of eegomne and anhydro-eegomne, all the 
bodies m the foregoing list are saponifiable, splitting up when 
heated to 80°--100 o with hydrochlouo acid, or when boiled with 
alcoholic potash, accoidmg to the following equations — 


a C l7 H 21 N0 4 4- H 2 0 
b C 16 H IB N0 4 + E s O 

Eenzoyl-eogonino 

f a C 1B H 2 ,N0 4 + H s O 

„ I Cnmatnyl eoaonlua 
2 metHylestei 

lb C 18 H 21 N0 4 + H 2 0 

Cmimmyl-eogomne 

a C 38 H 48 N z 0 8 + 3II 3 0 1 


4 G 17 H ]b 0 2 + H 2 0 

Benzoyl-peeudotroptae 


=c 10 h 10 no 4 +ch 4 o 

Benzoyl-oogoulM Jlethyl 

ttlooliol 

=c g n 15 is T o 3 ■+• c 7 h 6 o 2 

Ecgouiue Benzoic acid. 

= C 18 H a N0 4 4-CH 4 0 

Olmiamyl- Methyl 

eugomne alcohol 

= C B H 1B NO g 4-C 9 H 8 0 2 

Eegomne Cinnamic ooid 

= C 0 n 1B NO 3 4-C 27 H 2B N0 6 4-20H 4 0 

Ecgonlue, Eogonyl-cooalo Methyl 

add alcohol 

: C b ITjb 17 O g 4" C l8 H 18 0 4 

Eegomne Cocaic add 

(a-truzlUlc acid). 

:C 18 H 1B NO 4- C 7 H 0 O 2 

Pseudotroplno Benzolo add 


From these equations it is evident that the simpler bases of 
coca are decomposition-products of the -natuial alkaloids cocaine, 
cocamme, homococanune, and cinnamyl- eegomne methyl- ester 
(cinnamyl-cocame), all of which readily undergo hydrolysis with for- 
mation of eegomne, methyl alcohol, and an aromatic 
acid. Benzoyl-pseudoti opme differs from the other bases of coca 
by yielding no methyl alcohol on hydiolysis 

It is evident that the mixed alkaloids of coca will consist of 
the vanons natural bases m indefinite propoition, contaminated by 
the products of their decomposition Hence the separation of 
pure cocaine from the co-existing bases is very tioublesome The 
difficulty has been overcome by Liebermann and Giesel 
{Ber , xxi 3196) m an niteiesting and ingenious manner, which 
allows of the utilisation of the valueless and troublesome amorphous 
bye-produots, which aie to be had m considerable quantity The 
process consists in boiling the mixed bases with liydioehloric acid, 
whereby they all suffei hydrolysis, with formation of eegomne; 
and this base forms the starting-point foi the subsequent synthesis 



SYNTHESIS OF COCAINE 


273 


of cocaine by Em horn’s method (Her , xxi 3335) Thus by 
passing dry hydrochloric acid gas into a solution of eegonme hydro- 
chloride m methyl alcohol nntil the solution has become cold, and 
then boiling the liquid for an hour undei an mveited condensei, 
the hydrochloride of eegonme methyl-ester is formed, which oil 
concentrating the alcoholic solution crystallises in prisms, melting 
With decomposition at 212° Cocaine is formed when this com- 
pound is heated on the water-bath with an equal weight of benzoyl 
chloride until the mixture becomes homogeneous and the evolution 
of hydrochloric acid ceases The hot melted mass is poured into 
water, separated from the precipitated benzoic acid, and the cocaine 
precipitated by ammonia or an alkaline carbonate, and recrystal- 
lised from alcohol An alternative method is to convert the 
eegonme into the benzoyl-derivative, and treat a solution of the 
latter body m methyl alcohol with hydrochloiic acid gas The 
artificial cocaine prepared by eithei of these methods possesses all 
the characters of the natural alkaloid 

Cocaine. Benzoyl methyl-ecgomno Methyl benzoyl-ecgonme 

<w°.> « 

Cocaine is the characteristic alkaloid of coca leaves, and lias 
recently acquired a place in the fiist rank of alkaloids of medicinal 
value It may he extracted from the plant by the usual piocesses, 
avoiding as much as possible treatment with acids and alkalies, as 
it undergoes hydrolysis with great facility with formation of objec- 
tionable 1 1 - ’ ‘ 

The s effected by Merck by treating 

together eegonme, benzoic anhydride and methyl iodide to 100° for 
ten hours m a sealed tube The industrial leproduction of cocaine, 
from eegonine has been effected and patented by Liehermann 
(page 272). 

Cocaine crystallises from a strong alcoholic solution m colourless 
monoclimc prisms, melting at 97°-98° C, and subliming with 
partial decomposition at a higher tempeiature 

Cocaine is veiy slightly soluble m water, 1 hut dissolves readily 
m alcohol, ether, clilorofoim, 2 benzene, peti oleum spuit, caibon 

1 The solubility of cooame m cold watei is piobahly near to 1 in 1300 (B, H 
Pan 1), but is commonly greatly ovei estimated, owing to tbe case with which 
cocaine is decomposed by hot water with foimation of soluble pioducts 

s The solubility of cocaine in chloroform enabled B H, Paul to sepaiute it 
from mdiplune, and prove apioduct mtiodnced undei the name of ho peine, 
and said to be a -natural naiootic alkaloid liom Aniencan hops, to be, m tact, an 
artihoial mixtuie of oocaine and moiphme {Pharvi. Jam , [S], xvi 877). 

VOL III P^RT II ' S 
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disulphide and volatile and fixed oils It is readily removed from 
its solutions by adding ammonia and agitating with ether or other 
immiscible solvent 

An aqueous solution of cocaine has a strong alkfjlme reaction to 
litmus and methyl-orange, but does not affect phenolphtlialem 
The free base may be titrated with the aid of either of the former 
indicators An aqueous solution of cocaine, if not very carefully 
prepmed and secluded from air, or preserved by an antiseptic, 
rapidly decomposes with formation of vegetable growths 

Cocaine produces on the tongue a sudden and characteristic 
cessation of feeling, which lasts only a few minutes. One drop of 
a 4 pei cent solution (of the hydrochloride), if placed on the 
tongue, soon produces a decided numbness, the effect being 
evanescent unless the application he repeated Cocaine also pio- 
duces an intense local anaesthetic and blanching effect on the 
mucous membrane A single drop of a 4 per cent, solution suffices 
to blanch the conjunctiva of the eye Anaesthesia of the eye, of 
much value m ophthalmic operations, can he produced by a some- 
what laigei dose Dilation of the pupil is geneially produced by 
cocaine, whether applied locally to the eye oi otheiwise introduced 
into the system , but the mydriasis produced by cocaine is not so 
invauable and is far less intense than that chaiactenstic ol atropine 
and its lsomeis 

In laige doses, cocaine has maiked poisonous properties. The 
fatal dose foi dogs is from 2 to 6 giains The hypodermic injec- 
tion of ^ giain has caused dangeious symptoms m a gu’l twelve 
years oi age (see Pharm Join , [3], xvi 721) 1 2 

Cocaine is lsevo-iotatoiy, the specific rotation m chlorofoim solu- 
tion being about — 16 0, 8 for the sodium ray, while the rotation 
of the hydrochloride m dilute alcohol is — 62° 2. 

Eiaotions of Cocaine 

Cocaiuo is piecipitated from its solutions by caustic alkalies, 
alkaline carbonates and ammonia It is almost insoluble m excess 
of ammonia, which is to be preferred as a precipitant, 3 Piecipitated 
cocaine is amoiphous when thiown down from strong solutions, hut 
rapidly becomes crystalline 

1 For various alamimg symptoms produced by cocaine m duntal practice, 
see lemaiks by Stockman (Phat m Jour, [8], xvm 791) A rosmne of 
the pbaimacology of cocaine and its allies appeared in the 1‘hm maccutital 
Journal, [8], xxn 161 

2 If a solution of cooame salt be precipitated with caustic soda or sodium 

caibonate, tile filtiate will be found to contain a distinct trace ot bonzoic acid 
resulting fiom decomposition of the alkaloid , but this is not tho caso if 
ammonia be substituted (B. H Paul) 
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Mayer’s solution precipitates cocaine from extremely dilute solu- 
tions, and A B Lyons ha3 attempted to employ the reaction 
foi the determination of cocaine, hut with results which are 
wanting in exactness 

Iodised iodide of potassium gives a rose-coloured precipitate 
with a solution of 1 part of cocaine hydrochloride in 7,500 of 
water, m stronger solutions the precipitate appears brown, and 
under the microscope assumes the form of black globules 

Tannin produces a distinct cloud in neutral solutions of cocaine 
containing 1 ■ 25,000, and a distinct precipitate with twice that 
proportion Picric acid produces m strong solutions a yellow 
precipitate, rapidly becoming crystalline, and appearing under the 
microscope m sheaf-hlce forms Phosphomolyhcho acid produces 
a faint turbidity m solutions of 1 * 50,000, and a distinct pre- 
cipitate with 1 12,500 Phosphotungstic acid gives a gelatinous 
white precipitate, soluble m ammonia 

Platmic chloride produces at once, m solutions of cocaine hydro- 
chloride containing 1 400, a yellow precipitate consisting of 
plumose needles, mostly of stellate pattern. In solutions of 1 600 
most of the crystals resemble carpet-tacks, consisting of shoit, 
well-formed prisms, with a single biancli from the centre, joined 
at an oblique angle and tapeung to a point The characters of the 
ohloroplatmate distinguish cocaine from the amoiphous base 
associated with it in coca-leaves, the platinum salt of which is 
far less soluble m water, and crystallises m losette-hke foims, 
contrasting strongly with the feathery appeaiance of the cocaine 
salt 

Cocaine auroohlonde is precipitated on adding aune chloride to a 
solution of cocaine hydrochloride In solutions containing 1 3000 
an immediate precipitate is produced, which appeals under the 
microscope m foims lesembling fem-fronds, generally with a stellate 
arrangement In solutions of 1 12,000 similar crystals form after 
a short time “ Cocaidine ” aurochlonde foims minute pnsmatic 
crystals, having a microscopic appeaiance quite diffeient from that of 
the cocaine salt (A B Lyons, Amo Joui Pharm , lvn Ho 10) 
According to Lerch and Sckarges, if a drop of ferric 
chloride he added to a solution of cocaine and the liquid boiled, an 
intense red colour will he developed " owing to the formation of 
benzoic acid ” Benzoyl-ecgonme also gives the reaction 

Potassium bichromate does not precipitate cocame except from 
neutral solutions, unless they are very concentrated (1 25) ; but 
M e t z e r states that from a solution containing hydrochloric acid, 
chromio acid precipitates the chromate, m 
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silky, lustrous plates (compare page 287) If 0 05 giaiume of cocaine 
hydrochloride he dissolved m 5 c c of water, and five drops of a 6 per 
cent aqueous solution of chiomic acid added, each drop produces a 
distinct precipitate, which immediately redissolves , hut if 1 c o. of 
stiong hydrochloric acid he now added, a heavy yellow precipitate 
of cocaine chromate is produced If cocamuie be present, reduc- 
tion of the chromic acid will ensue. Ecgonme, sparteine, atropine, 
caffeine, pilooaipine, codeine and morphine do not form yellow 
precipitates with chromic acid or potassium chromate. Quinine, 
quinidine, cinchonine, cmchomdine, hydroqumme, apomorphme, 
hrueme, strychnine and veratrme form precipitates with 5 per 
cent chromic acid if the solutions are neutral , hut, according to 
K Metzer ( Pharm Zeit , xxxiv 697), cocaine is* singular in 
being precipitated only after addition of hydrochloric acid 

F Giesel ( Pharm Zeit , 1886, page 182) has obseived that 
cocaine permanganate is veiy stable compared with the cone- 
sponding salts of the majority of alkaloids Hence, if 1 centi- 
gramme of cocaine hydiochlonde he dissolved in one or two drops 
of watei, and about 1 cc of a 3 per cent solution of potassium 
peimanganate be addud, a piuple-violet crystalline precipitate of 
cocaine permanganate is produced, the supernatant liquid 
acquiring a puiple-violet tint A B Lyons lecommands that a 
stiong solution of the cocaino salt should he used, and the per- 
manganate employed m decmormal solution (3 162 giammes pei 
litre) The precipitate is unstable, and decomposes m a few hours 
even at the ordinary temperature, leaving a brown hydrated man- 
ganese dioxide If the liquid containing the precipitate ha heated 
to boiling decomposition occurs at once, but without the pioduction 
of any peculiar odour But if examined under the nucioscope 
when first thrown down, the precipitate is found to consist, wholly 
or in part, accoiding to the strength of the cocaine solution, of 
translucent, violet-red, rhombic (nearly rectangulai) plates of great 
beauty, often grouped together to form rosettes A 5 per cent, 
solution of cocaine gives a copious precipitate at once, and a 2 per 
cent solution after a short time ; but with a 1 per cent solution 
the crystals only form as evaporation takes place 

The behaviour with potassium permanganate serves to detect 
an admixtuie of methyl cinnamyl-ecgomne and certain other im- 
pmities lu cocaine hydiochlonde The presence of these causes an 
immediate lednction of the permanganate m the cold The first 
drop or two of the reagent produces a brown discoloration, while 
the precipitate thrown down by a further addition is more or less 
brown, instead of a distinct violet-pmple or red If a limited 
quantity of the reagent be employed, and the liquid heated to 
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boiling, m presence of impurities a distinct odour will be developed 
in some cases resembling that of bitter-almond oil, and in others 
like that of cmde cocaine (A B Lyons, Amei Jouin Pharm , 
1886, page 240) The behavioui of other alkaloids with potassium 
pemianganate is described on page 144 

According to F da Silva (Qompt Rend , cxi 348, Pftaim 
Jour, [3], xxi 162), when treated by Yi tail’s test for atropine 
(page 267), even a minute quantity of cocaine (0 0006 gramme) 
developes a distinct and peculiar odour, lecallmg that of peppei- 
rnuit or cilionella No other alkaloid extiacted by benzene from 
an ammomacal solution behaves at all similarly, though atiopme, 
hyoscyamme, stiychnme, codeine and ©serine give coloiu -reactions, 
and the last-named alkaloid developes a disagreeable smell resem- 
bling plienyl-carbamme (page 46) Delphinine, brucine, and vera- 
time develop slight odours which cannot be mistaken for that 
produced by cocaine A O Stark (Pharm Jam , [3], xxi 848) 
has confirmed Da Silva’s statements, but considers the odour scarcely 
distinctive enough to lender the test completely reliable. 

Salts op Cocaine 

Cocaine Hydiocldonde Hydroehloiate of Cocaine C 17 H al N0 4 ,HCl 
This salt, which is leadily prepared by neutralising cocaine by 
hydrochlouc acid, crystallises from alcohol m short pnsms melting 
at 1 8 1 0 6 The crystals from the aqueous solution contain, according 
to A B, Lyons, 96 per cent of watei, while those from the 
alcoholic solution aie anhydrous. The salt is not hygroscopic, but 
is soluble m less than its own weight of water, forming a thick 
syrupy liquid It is readily soluble m spirit, but with less facility 
m absolute alcbhol, chlorofoim, and amylic alcohol, and is prac- 
tically insoluble m ether, petroleum spirit, and fixed and volatile 
oils Ether piecipitates cocaine hydrochlonde from its solutions 
m absolute alcohol 1 and chloroform 

Cocaine Hydrobi omide, BHBr,2H 2 0, crystallises readily from 
its aqueous solution in transparent prisms, stable in the an 

Cocaine Acetate is leadily soluble m water. It is difficult to 
obtain it m a crystalline condition, as acetic acid is given oft during 
the evapoiation of its solution 

Cocaine Oleate readily crystallises, and is soluble in oleic acid 
and fixed oils 

Cocaine gives wystalline salts with sulphuric, boric and oxalic 
acids The citrate is hygioBcopie, and crystallises with difficulty. 

1 Stockman ( Phann . Jour, [8], xvn 8621 gives the solubility of pure 
cocaine liydi oclilonde in cliloiofoim, absolute alcohol, and amylie alcohol os 
1 in 48, 1 m 34, and 1 in 70 respectively, but B H. Paul does not hud such 
laigq proportions of solvent necessary , 
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Cocaine Benzoate, C 1T H 21 170 4) C T H 6 0 4 , may be piepaied by mixing 
molecular proportions of cocaine and benzoic acnl. It is a very 
soluble salt, obtainable with difficulty in. aciculai crystals, the 
solution usually drying up to a gummy mass, which gradually 
acquires a crystalline structuie A sample of commercial cocaine 
benzoate of French origin whs found by B H P a u 1 to give no 
precipitate of cocaine with ammonia, and no benzoic acid with 
hydroehlonc acid It consisted ofbenzoyl-eegomne (Phai m 
Jour, [3], xvi. 817). According to A Bignon ( Pimm Jour., 
[3], xvi 721), the anaesthesia produced hy a 5 per cent, solution 
of cocaine benzoate lasts during four consecutive hours, and is not 
preceded by the sensation of pam produced by the hydrochloride 

Examination on Commercial Cocaine and its Salts 

Tho absolute purity of cocaine and cocaine salts intended for 
medicinal use is essontial, as various undesirable and even 
dangerous symptoms are produced by certain impurities liable to 
be present 1 

Cinch Cocaine has for some time been manufactured m South 
America for export to Euiopean markets in place of coca leaves, 
which have been found liable to deterioration in transit E II, 
Paul {Pimm Jour , [3], xvm. 782) descnbes it as a white oi 
yellowish pulveiulent substance compiessed into thin cakes It 
contains not only earthy substances, sodium carbonate and lime 
salts, but also a waxy substance and traces of petioleum Its 
manufactme has probubly been effected by extracting the coca 
leaves with petioleum spuit, washing out tho alkaloid with an 
acid, and then precipitating it with lime or sodium carbonate It 
is represented as containing from 80 to upwards of 90 pei cent, of 
alkaloid, but the proportion of crystallisahle cocaine piesent vanes 
considerably, m one instance not exceeding one-half of the total 
alkaloid present (85 per cent ). The remaining portion was pre- 
cipitated on adding ammonia to its solution m hydiochlonc acid m 
oily globules, which after a time collected at the bottom of the 
liquid as a viscid semi-tiansparent layer, which ultimately became 
moie or less crystalline In all cases the liquid remained quite 

1 The characters and tests for cocaine hydrochloride given in tho Butish 
Phannaceposia oi 1885 aie inadequate, and in several respects giossly m- 
acouiate In the first issue, it was mcouectly desenbed as leadily soluble in 
eihei, whereas in fact it is piactioally, if not absolutely, insoluble Tins 
mistake is coirected m the lopnnt, but the aqueous solution is still descnboil 
as having a bitter taste, which is not a characteristic of tho puro salt, and is 
said to yield a white pieupitate with cnibonate of ammonium, soluble in excess 
of the reagent, which is not the fact “The aqueous solution dilates the 
pupil of the eye It (? the aqueous solution) dissolves without colour in cold 
concentiated acids, but chars with hot sulphuno acid ” 
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milky for .1 considerable time, in this respect presenting a minted 
contrast to the rapid clearing of the liquid, which takes place when 
pure cocaine is piecipitated from the solution of its hydrocliloude 
The analysis of a sample of crude cocaine by EE. Squibb 
showed . — Moisture, 3'25 per cent , lesxdue insoluble in ethei, 
6 26 , impurity soluble m ether, 0 50 , puie alkaloid, 89 94 , and 
loss, 1 06 per cent (Join Soc Chem bid, vm. 724, 1013) 

A convenient method of puiiiymg cocaine is to lecrystallise it 
several times from strong alcohol, and, when a certain degree of 
purity has been attained, precipitate the base from its solution in 
10 parts of strong alcohol by addition of 6 measures of watei 
Paul and G o w n 1 e y have pointed out that the solubility of a 
sample of cocame m petroleum spirit cannot he lehod on as a pioof 
of its purity, since einnamyl-cocaine behaves sinnlaily, 

J ohn W llliams (Year-Bool 1 Phann , 1887, page 502) pro- 
posed to puufy and assay commercial cocaine hydiochlonde by 
dissolving it m the smallest possible quantity of absolute alcohol 
(sp gr 0 795), and adding to this solution six times its measure 
of dry ethei, when the cocaine hydiochloiide is precipitated m a 
finely-divided hut peifectly ciystalline condition Unfoitunately, 
as pointed out by B H Paul, the hydiochloudcs of the auioiplious 
bases and of benzoyl-ecgonine are piecipitated under the same con- 
ditions , and lienee the method is useless for the assay of ciude 
cocame hydiochlonde or for the elimination of impurities, though 
serviceable for improving the appeaiance of a puie salt and con- 
verting it into a convenient form for use 1 

Cocaine hydrochloride should be perfectly colourless, and soluble 
m water to a perfectly colourless solution, which ought to be absolutely 
neutral to litmus-paper The solution of the pure salt keeps fauly 
well, hut m presence of common impurities is decomposed with 
great facility In the diy solid state, cocaine liydroehloiide under- 
goes no change by keeping It ought to he perfectly fiec hom 
odour, but as sold it not unfrequently retains the ocloui of a 
solvent used m its preparation, or has a peculiar butyric or mousy 
smell, or even a distinct benzoic odour In any case, a sample 
having a distinct odour must be regarded with suspicion. 

Pure cocaine hydrochlonde is always distinctly ciystalline, though 
much of the commercial article piesents an amorphous or granular 
1 Paul adds tliat it is a mistake to attempt tlm purification of cocaine hydro- 
chloride at all The free alkaloid is much more susceptible of puiificatiou, 
and may be obtained in very fine crystals eithei fiom ethei oi alcohol. P. om 
puie cocaine the hydiochlonde can be leadily piopaied, as the ncutial solution 
may he evapoiated to dlyness without decomposition, and the lesultant diy 
salt can be leadily converted Into a good-looking crystalline condition by 
Williams’ method. 
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appearance The tendency to ciystalliso is so maiked that B. H 
Paul ( Pharm Jour, [3], xvm 781) regards an amorphous condi- 
tion, or even difficult ciystalhsability.as an indication of the piesenco 
of impurity Paul states that on dissolving 6 to 10 grams of a 
pure sample m 1 drachm of water and rapidly evaporating the 
solution (m a glass basin) on a w'ater-bdtli, the dry residue obtained 
will be white and opaque, presenting a ladiating crystalline structure, 
while m the case of an nnpuie mixed salt the lesidue will he moio 
or less yellow, translucent, and of a gummy or reamoid character. 

The most definite test for the purity of cocaine hydrochloride is 
said by Antrich (Bei , xx 310) to be the optical activity. In 
dilute alcoholic solution, at 20° C, the specific rotatory power is 
S„= -(52° 18 + 0*15882), and S D = -(67 982-0*15827c), where 
q is the weight of dilute alcohol of 9353 specific gravity at |r (which 
corresponds to a mixture of 6 parts by weight of absolute alcohol 
with 9 parts of watei) m 100 parts by weight of the solution, 
and o is the weight of hydrochloride in 100 volumes of the solu- 
tion. When 2 = 0, or, m other words, the solution is aqueous, 
S„= - 52° 2 , when q is 100, S„= - 68° 06 

The characteristics of cocaine hydrochloride should be, according 
to Beckurts, that it should give a clear and colourless solution 
in water ; leave no residue on ignition , give a colourless solution 
m concentrated sulphuric acid, when dissolved m the proportion of 
0 020 gramme to 1 cc , that a concentrated aqueous solution 
should he absolutely neutral (to litmus) , not immediately reduce 
potassium permanganate and when heated with the latter reagent 
give off no odour of bitter-almond oil 

The German Pharmacopoeia (1890) prescribes the following 
tests for cocaine hydrochloride — 0 1 gramme is dissolved m 5 c o 
of water, and 3 drops of diluted sulphuuc acid added This solution 
should be coloured violet by 1 drop of a 1 per cent solution of 
potassium permanganate, and if kept m a closed vessel the colora- 
tion should hut slightly decrease in half an hour. One cc, of 
sulphuric or nitric acid should dissolve 0 1 gram m e of a cocaine salt 
without coloration. 

The following test is due toll Maclagan ( Anier Drug , 1887, 
page 22, Phaim Jour, [3], xvu 686) — One gram of cocaine 
hydrochloride is dissolved in 2 ounces of water, 2 drops of strong 
ammonia are added, and the walls of the containing vessel rubbed 
from time to time with a glass rod , in a quarter of an hour a good 
crop of glistening crystals separate When the cocaine is not 
very pure the solution remains cleai, or else deposits only a small 
crop. With a good sample a dense precipitate is produced either 
at once or on stirring, and soon acquires a crystalline condition, 
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the liquid lapidly clearing When the cocaine contains more than 
4 per cent of amorphous alkaloid the solution becomes milky 
B H. Paul (Phaim Jour., [3], xvm 783) has pointed out 
that the precipitate of cocaine produced in Maclagan’s test lcchs- 
solves if left for a long time m the ammomacal solution, owing to 
its conversion into the soluble base benzoyl-ecgonme He describes 
a quantitative application of the ammonia test (using a 2 per cent, 
solution of the salt) which, m the case of good samples free from 
odour and colour, will fairly indicate the purity and value , but, in 
the case of bad samples, regard must also be paid to the character 
of the piecipitated alkaloid This is done by adding the ammonia 
gradually, with constant stirring, as long as a ciystallme piecipitate 
forms and the liquid clears promptly When the precipitate begins 
to form clots which adhere to the sides of the beaker, and the 
liquid remains milky, the precipitate already foimed is separated, 
and the amoiplious precipitate produced on further addition of 
ammonia collected separately 1 The following lesults were obtained 
by B H P a u 1 by the examination of commercial cocaine hydro 
chloride by the above process * — 



The ammonia precipitates from the first eight of these samples weie 
perfectly ciystalhne, without any trace of stickiness , they deposited 
rapidly, and left the supernatant liquid quite clear and bright In 
the case of samples 9, 10 and 11, a considerable proportion of the 
alkaloid was of an amorphous sticky nature, quite diffeient from 
that obtained from a pure salt No 12 was so impure that it 
was impossible to effect a fractional piecipitation quantitatively 
1 The amorphous alkaloid when freed from colouring mattei is a clear 
yelltwish transpaient substance, lesembling thick canada-balsam, and the 
hydioohloride forms a varnish-like mass that eannot be reduced to powdei, 




BENZOYL-ECGONINE 


Paul states that thB principal unprmty m the last four samples 
was undoubtedly the hydiochlonde of the amorphous alkaloid 
associated with cocaine in coca leaves (see page 287), the salts 
having been probably produced by evaporating the solution of the 
mixed bases m hydioehloiio acid , and it is questionable whether 
the presence of this amorphous base should be tolerated m a pro- 
duct which purports to be “ cocaine hydrochloride.” 

Decomposition-Products of Cocaine. 

Benzoyl-ecgonine. C 18 H 1b N0 4 , 01 C 8 H 13 N(0 C 7 H 6 0).C0 OH. 
This base may be prepaied by the action of benzoic anhydride 
oi benzoic chloride oil ecgonme, and is also a product of the action 
of aeids or water on cocaine Hence it occurs as a bye-product of 
the manufacture of oocaine 1 On a large scale, benzoyl-ecgonine is 
prepared by gradually adding a little more than one molecule of 
benzoic anhydride to a hot satuiated aqueous solution of one 
molecule of ecgonme, and heating the mixtuie on the water-bath, 
for about an hour After cooling, the product is shaken with ether 
to remove unchanged benzoic anhydride and acid, and the residual 
benzoyl-ecgonine washed with a little water to dissolve unaltered 
ecgonme The yield is about 80 per cent of the ecgonme 
employed, and an additional quantity can he obtained by concen- 
trating the mother-liquor and again treating it with benzoic 
anhydride 

Benzoyl-ecgonine crystallises with 4H 2 0 m transparent, flat, 
tinnetnc prisms, resemblmg ammonium oxalate, which melt 
at a van, able tempeiatuio ranging from 87°-140° When fusion 
oconi s at the lower temperature (as happens when the heat is 
rapidly applied), the substance resolidifies on fuither heating, and 
melts again at 195°, turning brown at the same time 

Benzoyl-ecgonine is sparingly soluble m cold water, but readily 
m hot watei, alcohol, and dilute alkalies and acids It is almost 
insoluble in ether 

The acetate and sulphate of benzoyl-ecgonine crystallise in 
pawns BBLAuG 1 4 forms small, yellow, anhydrous scales, soluble 
in alcohol but only sparingly so m watei 

When heated with alkalies or with hydrochloric acid to 100° m 
sealed tubes, the base is decomposed into benzoic acid and 
ecgonme By treatment with methyl iodide it yields cocaine 
1 Benzoyl-ocgomno is easily pioduoed by heating cocaine with about 9.0 
parts of watei m a dosed tube The cocaine melts at about 90°, but gradually 
dissolves on maintaining the tempeiatnre at 100” The change is facilitated 
by agitation, and m about twelve horns a cleat solution is obtained, which is 
only faintly acid if pure cocaine was employed 
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Benzoyl-eogonine does not appear to have much, if any, anass- 
thetic effect when applied to the eye, and exerts only a mudeiate 
dilating action on the pupil R Stockman stales that it is 
very nntating to the mucous membranes, and when injected sub- 
cutaneously produces tetanic spasms In many respects its action 
resembles that of caffeine, but paralysis of the sensory nerves is 
quite absent ( Pharm Joui , [3], xvi 898). 

Ecgonine C 3 H Ifl N0 3 , or C 8 H 18 N(OH) COOH (See also page 
270 ) Ecgonme is obtained, logethei with benzoic acid and methyl 
alcohol, by heating cocaine with concentrated hydiochloiie acid to 
100° in sealed tubes (page 272) 1 Also, when cocaine oi its 
hydrochloride is heated with 20 parts of water and 10 of baryta to 
120 m sealed tubes, it is decomposed according to the equation — 
C 17 H 21 N0 4 + 2H 2 0 = C 7 H 0 O 2 + C 0 II ln NO a + CH 4 0 
The actual pioducts aie methyl alcohol, banum benzoate, and a com- 
pound of banum benzoate with the baiium compound of ecgonme, 
(2Ba(C 9 II 14 lSr0 3 ) 2 + Ba(OBz) 2 + *H 2 0), which forms slender pus- 
matic needles, veiy soluble in watei und alcohol, but only slightly 
soluble m ethei This compound is a convenient source of 
ecgonme On subjecting it to diy distillation it yields an 
isatropine, the chloroplatmate of which forms bulky, orange- 
red, deliquescent crystals containing (C a H 117 N'0) 2 H 2 PtCJ 8 

Ecgonme crystallises from absolute alcohol m monoclimc pusms 
containing 1 aqua, which melt at 198°, or, aftei drying at 140° 
to expel the water of crystnlhsation, nt 205° Ecgonme is very 
soluble m water, sparingly in absolute alcohol, and insoluble in 
ether It has a slight bitter-sweet taste 

"When ecgonme is heated with moderately strong sulphuric 
acid, neither carbonic oxide nor formic acid is foimed, but a base 
is produced which bears the same relation to ecgonme that ether 
bears to alcohol It unites both with acids and bases 

C E Merck (Ber , xix 3002) states that ecgonme, when 
distilled with nearly dry banum hydroxide, yields metliylamme 
and not ethylamine as one of the products, thus agreeing with the 
behaviour of tropme when similaily treated 

When ecgonme (oi anliydio-ecgonine) is oxidised with potaa- 
smm permanganate, or nitric acid, succinic acid is formed (E l n - 

Liehermiiim and Giesel obtain ecgonme on n laigo seals by boiling the 
amoiplious base obtained m the manufacture of coeame for about on hour with 
hydroclilono acid The filtered solution is evaporated to dryness, the residue 
treated with a little alcohol to remove impurities, and the residuul ecgonme 
hydroohlonde decomposed by sodium carbonate, the liberated base being 
reorystallised from aloohoh 
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ho riij Bat , xxi. 47), a fact which shows that the aide- chain in 
the molecule of ecgonine must be either m the a- 01 ^-position 
Ecgonine contains a carboxyl-group, and hence behaves at once 
as an acid and a base It has a neutral reaction, but reacts with 
alkalies to form gummy compounds of faint alkaline reaction, 
which crystallise with difficulty and aie veiy soluble m water and 
alcohol El gonine hydrochloride, C 9 H 16 H0 8 ,HCI, forms tnclinic 
tables, difficultly soluble m alcohol and melting at 246° C 
B 2 H a PtCl 6 , after drying at 140°, melts at 226°. It is extremely 
soluble m water, and is deposited m orange-red pusms on adding 
excess of alcohol to its aqueous solution. BHAuC 1 4 is a greenish 
yellow, gummy substance, very soluble m water and alcohol 
With iodised potassium iodide, ecgonine yields a leddish brown 
precipitate, rapidly changing to reddish yellow, inicioscopic tables 
or prisms In dilute solutions the precipitate is formed only after 
concentration In the animal system, cocaine is converted into 
ecgonine, which may be detected in. the urme by this test 

A nhtdro-eogonine C 0 H 13 NO 2 , or C B NII 7 Mo GH CH COOH 
This base is formed by the action of phosphorus oxychloride or 
pentachlonde on ecgonme, or by heating cocaine for eight hours to 
140° with glacial acetic acid which has been saturated with hydro- 
chlouc acid gas It forms colomless crystals meltmg at 235“ 
soluble m water and alcohol, but insoluble m other, chloroform, 
benzene and petroleum spirit 1 When anhydro-eegonine is heated 
with water to 150°, methyl amine is liberated It combines 
directly with bromine to foim a base containing C fl H 13 Bi' 2 N0 2 , 
the hydrochloride of which melts at 184° The salts of anliycho- 
ecgonme are crystalhsable I5HC1 ciystallises fiom absolute alcohol 
in white needles melting at 240°— 241°. 

Bases allied to Cocaine. 

Dexi'ro-oooainh C i 7 H 21 N0 4 Einhorn and Marquardt 
(Bet., xxnj. 469, 979) have found that by warming with aqueous 
potash foi twenty-foui hours, ecgonine is conveited into a base 
which chffeis fiom ordinary ecgonme in being much less soluble m 
absolute alcohol, and having a much higher melting-point (254°) , 
but especially m being dextio-iotatory 

Fiom this dextio eegonmo a synthetic dextro-cocaino may be 
prepaied as a colouiless oil, which solidifies on standing, and is 
l eadily soluble m ether, alcohol, benzene, and peti oleum spirit 
Dextro-cocame may he obtained m crystals, melting at 43°-45°, 

1 Hence it is best isolated by treating tlie solution of its hydioehlonde with 
argentic oxide (compaie page 20). It may be piuilied by piecipitalion fiom 
its alcoholic solution by ethei 
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by treating its solution with a crystal of benzoyl-dextroecgonme 
ethyl-ester 

The salts of dextro-cocame crystallise well BHC1 is much more 
difficultly soluble than the hydrochloride of ordinaiy cocaine, and 
melts at 205° instead of 181° 6. BILN0 3 is especially eharactenstic 
100 parts of water at 20° C dissolve 155 parts of the mtiate, 
which is precipitated m crystals on adding nitric acid to solutions 
of other salts of the base This behaviour distinguishes dextro- 
cocame from ordinary cocaine B 2 H 2 PtCl a crystallises from hot 
water m yellowish needles BHAuGl* crystallises from dilute 
alcohol m needles melting at 148°. 

Dextro-cocame was found to resemble oidinary cocaine in its 
physiological effects, except that local ancesthetic action commenced 
more rapidly, and disappeared m a shoitei time 

With chromic acid, potassium peunanganate, and auiio chloride, 
doxtio-coeame behaves like cocaine 

CocETHYLiNE, Homocooainu, or Benzoyl-ecgonme ethyl-eater, 
Ci 8 H 2 S !TO 4 , is the higher homologue of cocaine, which hose it 
closely lesembles. It is prepaied by heating benzoyl-ecgonme with 
ethyl iodide and alcohol for eight hours at 100° It ciystallises 
from alcohol m vitreous prisms melting at 108°-109°, and is also 
soluble m ether but nearly insoluble m water The chloroplatinate 
foims hught yellow, rhombic plates, lesembling the cocaine salt 
but moie crystalline Physiologically, homococame is similar m its 
effects to cocaine, but is weaker and less toxic, and does not appeal 
to be mydriatic 

The higher homologues of cocethylme, containing propyl and 
isobiityl groups, have been prepared by similar means, and 
also by passing hydrochloric acid gas into a solution of bonzoyl- 
eegonme m the couespondmg alcohol. 

Cinnamyl- cocaine , or C 9 U 1S (CH S XC 9 H 7 0)1X T 0 8 

This base has been obtained synthetically by passing dry hydro- 
chloric gas into a solution of cinnamyl-ecgonme (prepared by heat- 
ing ecgonme with cinnamic anhydride and water) It forms large 
colouiless ciystals melting at 121°, and is almost insoluble in watei, 
hut readily soluble m alcohol, ethei, &c When boiled with 
hydrochloric acid it is decomposed leadily and quantitatively into 
cmnamic acid, ecgonme, and methyl alcohol BHOl is precipitated 
as an oil which solidifies after a time on adding a large volume 
of ethei to a stiong acidulated solution of the salt in alcohol 
B 2 H 2 PfcCl a crystallises m nucioscopic needles melting at 217°. 
When treated with a cold solution of potassium permanganate 
cinnamyl-cocame and its salts immediately evolve a strong odour 
of benzaldehyde (bitter-almond oil) 
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Cumamyl-cocaine' has heen pioved to occur naturally in coca 
leases from '■various sources Paul and Gown ley (Pham I 
Jour , [3], xx 165) examined a sample of leaves containing 1 75 
per cent of total alkaloid, neatly 0 5 per cent being crystalhsable 
from petroleum spirit, but which, nevertheless, contained very little 
real cocaine Ou oxidation by permanganate the ciystallisahle 
alkaloid yielded abundance of benzaldeliyde, and m other respects 
corresponded with cinnamyl-cocauie (methyl cmnamyl-ecgonme) 

Cocamine a-Truxillme C 38 H 46 N 2 0 g -|-H 2 O This base is con- 
tained in notable quantity m Truxillo coca leaves Hesse found 0 6 
per cent in leaves of a different land, and states that East Indian 
coca leaves, and especially those from Java, contain cocamine in con- 
siderable amount Lieheimann regards cocamine as identical with 
the base onginally described by him asy-isatropyl cocaine, 
and afterwards as a-t r u x 1 1 1 1 n e , but Hesse contends that Lieber- 
mann’s product was a mixture, of which cocamine was a leading 
constituent 1 

Cocamine has a bitter taste Hesse and Stockman found its 
physiological effect to he similar to that of cocaine, but somewhat 
weaker, and its anaesthetic action especially weak. On the other 
hand, G- Ealkson alludes to y-isatropylcocaine (cocamine) as a 
“deadly alkaloid,” and Lieheimann describes it as a heart-poison 
which does not pioilnee anaesthesia To its presence as an 
impurity, the occasionally highly toxic effects of commercial cocaine 
are not improbably due 

Cocamine is pi capitated by caustic alkalies and ammonia from 
solutions of its salts, and aftei exposure at the ordinary tempera- 
ture in a desiccator letauis one molecule of water It is readily 
soluble in alcohol, etliei, benzene and clilnrofoim, but differs from 
cocaine m being very sparingly soluble m petroleum spirit Neither 
the fiee base nor its salts have been obtained ciystalhsed Eepeated 
solution in hydrochloric acid and reprecipitation by soda was the 
process employed by Liebermann to punfy the cocamine from the 
co-occurring lsococanune (/3-tmxillme), which is also bitter, and 
produces numbness of the tongue very slowly by reason of its 
sparing solubility. 

Both cocamine and its isomeride have been obtained syntheti- 
cally When hydiolysed by mineral acids they yield ecgonme, 
methyl alcohol, and cocaic and isorocaic acids respectively 

Gocata Acid, C B H 8 0 2 , or C lg n i0 O 4> called by Liobermann y-i s a- 
tropic acid or a-truxillic acid, is produced by boiling 

1 The composition of cocamine and its allies has foimed the subject of an 
embittered conti oversy between Liebermann and Hesse ( Pliarui . Join , [3], xxi. 
1109, 1129, xm. Cl, 101) 
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cocamme with hydioclilonc acid. The isomeric isococaio acid 
(d-isatropic or /3-truxilIic acid) is the similar pioduct from iso- 
cocamine Cocaic acid melts at 274°, is tasteless and odourless, 
insoluble m water, and nearly insoluble m ether, from which, 
however, it crystallises m forms lesemblmg benzoic acid Isococaic 
(/3-traxilhc) acid melts at 206°. Both cocaic and isococaic acids 
yield' cinnamic acid and other products on distillation. 

Benzoyl-fseudoteopinb, C 8 1I 14 N0 C 7 H 6 0, is a base isolated by 
Gri es el fiom a narrow-leaved coca plant cultivated in Java (Ber, 
xxiv 2336). It somewhat resembles dextrococame, but is opti- 
cally mactive, and differs from other coca-bases in not yielding 
methyl alcohol on hydrolysis , for, when heated with hydrochlonc 
acid under a reflux condenser for some hours, it is completely 
decomposed into benzoic acid and pseudotropine, 
C 8 H 16 blO (see page 247) In this respect the base resembles 
ati opine and the othei tropomes 1 Benzoyl-pseudoti opine is 
obtained as a milky piecipitate which does not become crystalline 
on adding sodium carbonate to the solution of one of its salts 
The base may be extracted by ether, and on evaporating the 
solution is obtained as an oil which, when quite diy, solidifies 
in radiating crystals melting at 49° C It has a stiong alkaline 
reaction, and is easily soluble in alcohol, ether, chloroform, benzene 
and petroleum spirit BHCl, obtained by passnig hydiochloric 
acid gas into an ethereal solution of the base, crystallises m white 
needles melting at 271° The solution gives a bulky crystalline 
precipitate with mercuric chloride B 2 H 2 PtCl a is a flesh-coloured 
precipitate, insoluble in hot water, alcohol and ether. BHAuCl* 
crystallises from water in sparingly soluble yellow needles, melting 
at 208° The picrate forms fine yellow needles, difficultly soluble 
m water With potassium bichromate, benzoyl-pseudotropine 
yields a crystalline piecipitate, instead of an oily one like cocaine 
and dextrococame 

Amorphous Bases of Coca. 

In isolating eocame there is found in the mother-liquors a 
variable quantity of a basic substance commonly known as 
“amorphous cocaine,” while the names cocaicme and 
cocamoidine have also been applied to it Amoiphous cocaine 
is descnbed by B Stockman (Pharm Jour, [3], xvn 861) as 
ranging m colour from dark yellow to daik brown, and consistence 
from that of treacle to a sticky tenacious solid, having a peculiar 
1 Liebreich finds that benzoyl-pseudoti opine introduced into tlia eyes of 
rabbits occasions stiong local anaesthesia and a slight enlargement of the pupil, 
in thiB respect acting moie like cocaine than atropine. 
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smell resembling that of nicotine, and a bitter and aiomatic taste. 
Stoclunan concludes that “amorphous cocaine” is in reality a 
solution of ordinary crystalline cocaine m h y g r 1 n e, the liquid 
alkaloid said to have been found in coca leaves by Lassen. 
The amorphous alkaloid is extiacted irom the coca m gi eater or 
less amount by the processes now employed by manufacturers, 
and its piesence is consideied by Stockman to account for ceitam, 
disagreeable effects resulting from the employment of cocaine con- 
taining the impurity. Thus if the hydrochloride of the impure 
alkaloid he used to produce anaesthesia of the conjunctiva con- 
siderable mitation ensues 

W, C Howard ( Phaim Jour, [3], xvm 71) to a certain 
extent agrees with Stockman’s view as to the nature of amorphous 
cocaine He found that when the solution of the bases of coca 
m hydrochloric acid was completely precipitated with platimc 
chloride, and the liquid filtered after standing over-night, the 
mixed platinum salts obtained were amorphous or semi-crystalline, 
and somewhat light in colour. When the piecipitate was washed 
with a laige quantity of water at a tompeiature not exceeding 
80° C, the cocaine chloroplatmate dissolved, and the alkaloid could 
be obtained theiefrom m a crystalline state The fraction of the 
platinum salt insoluble in water when decomposed by sulphuretted 
hydrogen, and extiacted with ammonia and ether, left on evapo- 
rating the ether a liquid base which thickened considerably on 
keeping, but m which no ciystals appeared even nftei a week 
It had an intensely hitter taste, formed an uncrystallisable 
hydrochloride, and a' chloroplatmate containing 18 5 per cent of 
platinum (against 19’3 per cent in the. cocaine salt) 1 and not 
affected by hot water, all which characters distinguish the base 
fiom the description of hygrme given by Los sen (Annul 
der Phurm., oxxi. 374). 

0 Hesse states that when woikrng on the bases from tho 
broad-leaved coca, separating the cocaine as hydrochloiate “by 
a special piocess,” and ascertaining the absence of cocamme, the 
residual mixture was dissolved m dilute hydrochloric acid and the 
solution treated with ammonia m excess, this process of solution 
and lcprecipitation being repeated until the precipitate dissolved m 
hydrochloric acid gave a solution which showed no fluorescence on 
dilution with water, thus proving its freedom from hygrme. 
The precipitate, after being further washed with water at 80° C , 
gave a melted mass which was spread ou glass plates and dried at 

1 He see ( Pharrn Join , [3], xvm 71, 437) considois that Howard’s 
platinum salt was hydrated, being in reality the ohloioplatmato of au amor- 
phous base isomeric with cocaine 
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60”, by which means it was obtained m transparent, brittle, hygro- 
scopic lmninffl which were nearly insoluble m water and alkaline 
liquids, but dissolved readily m alcohol, ether, chloroform, benzene 
and petroleum spirit The solution was alkalmo to litmus, but 
without effect on phenolphthaloin ( Phaim Jour., [3], xvm, 71, 
437) When boiled with alcoholic baryta, or heated m a sealed 
tube with hydrochloric acid, the amorphous base yields benzoic 
acid, and another product not yet identified 

From a later investigation {ibid , xix. 867), Hesse concludes that 
the amorphous bases from true coca consist chiefly of benzoyl com- 
pounds of an oily non-volatile base, together with some coeannne, 
whde, on the contrary, those obtained from Truxillo leaves consist 
essentially of oocamine, and the cinnamyl compounds of the bpfore- 
mcntioned oily base , and the cocamme is m each case accompanied 
by a base containing H 2 less than cocamme 

A specimen of the amorphous base from coca examined by B 
H Paul ( Pharm . Jov/i , xvm 784) is described by him as being 
pale yellow, and of the consistence of thick Canada balsam It 
had a faint odour at once suggestive of benzoin and butyric acid, 
and a distinctly bitter taste, but produced no ansestlietic effect on 
the tongue until after the lapse of some minutes, and then very 
slight compared with that produced by cocaine 

Hrouuira Under this name several bases have been described, 
which were either impuie or actually dissimilar The name was 
first applied byLossen to a liquid volatile base which has uot 
since been obtained. The hygnneofO Hesse {Phai m Jour., 
[3], xvip 438) is best prepared from the mother-liquoi obtained 
m the preparation of “ cocaidme ” from amorphous cocaine This 
is treated with caustic soda and ether, the ethereal solution 
separated and evaporated, and the residue distilled with water. 
The hygnne passes into the distillate, which is faintly acidified by 
hydrochloric acid, evaporated to dryness, and the residue treated 
with caustic soda and ether The ether leaves on evaporation a 
brown oily residue, which, on treatment with dilute acetic acid, 
deposits a brown smeary mass, which is filtered off, the solution 
again treated with caustic soda and ether, and the ethei evapo- 
rated. 

Hygnne thus obtained is a yellowish oily substance having an 
odour suggestive of that of quinoline It has a slight burning taste, 
and a strong alkaline reaction on litmus, but does not alter phenol- 
plithalem It is but little soluble in water or solution of caustic 
soda, but dissolves readily in alcohol, ether and chloroform 
Hygnne volatilises with steam, and at a higher temperature may 
he distilled alone. 


VOL in part n 



290 


HY0BENK 


BHC1 is crystallisable, Its dilute aqueous solution exhibits 
a marked fluorescence, not perceptible in a concentrated solution, 
and destioyod by sodium chloride and other substances, An 
aqueous solution of hygmio hydiochloride becomes milky on 
addition of caustic soda, owing to the separation of the free base 
m minute oily globules, which aggregate after a time. Hesse 
attributes to hygrme the formula C 12 H 13 N and the constitution of 
a trimethylqninolme, but Liebeimann regards it as a 
mixture of oxygenated bases, which may be separated by fractional 
distillation The most volatile boils at 193°-195°, and has the 
foimula C 8 H 16 NO, hut is not identical with tropme (page 246). 
The less volatile portion of hygnne appears to contain C u H 24 N 2 0, 
and cannot he distilled unchanged at the oidinary pressure H either 
of these bases is affected by heating to 120° with concentrated 
hydrochloric acid (Bor., xxn. 675). 

Hesse points out that hygnne probably does not pre-exist m 
coca leaves, hut is a product of decomposition. He states that 
when sound eoca leaves are moistened with ammonia, shaken with 
ether, and the ether tieated with dilute hydrochloric acid, the acid 
liquid on dilution at first shows no fluoiesconce, hut after a time 
exhibits this chaiaoter distinctly. 

R. Stockman ( Pharm Jow [3], xvui 701) states that 
hygrme exists in coca leaves m very minute quantity only, and some 
manufacturers never meet with it He found it in cocaine mother- 
liquors given him by Messrs Howard & Sons, and notably m the 
alcoholic tjneture of frebh coca leaves Stockman finds hygnne 
to distil very imperfectly with steam m presence of cocaine 1 
The whole of the statements respecting hygrme require con- 
firmation 

Stockman describes hygnne as a brown oily liquid with a char- 
acteristic smell A diop placed on the tongue causes a burning 
sensation Frogs weie killed by the subcutaneous injection of 
hygrme mixed with water There was considerable irritation at 
the plane of injection, while the muscles all over the body, the 
bowels, and the serous membranes were studded with numerous 
minute haemorrhages. 

Coca Leaves. 

The coca leaves occurring m commerce are chiefly of two kinds, 

1 The tieatment is stated to have decomposed the cocaine present, some 
benzoic acid passing over with the hygrme It seems piobable that a difficultly 
volatile or non-volatile benzoate of hygnne was formed A better result would 
pi ob ably have been obtained by adding an alkali to the contents of the 
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the one being obtained from Enythraxylun, coca,, 1 which waa the 
original trade-product, and the other, which is of more recent 
impoitation, derived from Jamaica and St Lucia Coca leaves 
contain, m addition to the ordinary plant-constituents and the 
characteristic alkaloids, cocatanmc acid. 

Cooatannio Acid (C. J. H Warden, Pliarm. Jour, [3], 
xvm 985) has the probable composition C M H 18 0 8 It forms a 
sulphur-yellow powder, which appears under the microscope m 
filiform ciystals interlaced m masses. It melts at 189°-191° to a 
deep red liquid, and is only slightly soluble m cold water, cold 
absolute alcohol, ether and chloiofoim In hot water it dissolves 
more readily, and rather freely in boiling absolute alcohol. A hot 
aqueous solution of cocatanmc acid has an acid reaction. It yields 
no reaction with feirous salts (according to some observers, green), 
hut with feme gives a dark green coloration, and reduces silver 
mtiate slowly in the cold and immediately on heating, hut not 
Pe hl i n g’s solution It does not precipitate gelatin The alco- 
holic solution gives, with alcoholic lead acetate, a precipitate 
vaiymg fiom yellow to orange-red When heated with hydro- 
chloric acid to 100°, cocatanmc acid yields a glucose and a 
phlobaphene. The pioducts of potash-fusion do not appear to he 
characteristic. They are said to include butyric and traces of 
benzoic acid 

C J ILWarden ( Pliarm Jour , [3], xviii 1010, 102V) has 
observed that coca leaves which aie rich in cocatanmc acid also 
contain much alkaloid, and suggests, with much probability, that 
the cocaine and allied alkaloids of coca leaves exist m combina- 
tion with cocatanmc acid. Warden, m nine specimens of the dry 
leaves from plants grown in different parts of India, found from 
6 36 to 12 64 per cent of ash (average 8 85 per cent), and from 
0'358 to 1 671 per cent of “crude alkaloid” (average 0 982 pei 
cent ) Warden chd not succeed m obtaining a crystalline alkaloid 
from Indian coca, hut does not consider the non-crystalline character 
detiacts from its physiological activity (?) 

A. G-. Howard (Pham. Jour, [3], xix. 569) has published 
analyses of a large number of coca leaves from different sources. 
His results show that while Erythroxylon coca yields about f per 
cent of alkaloid, the proportion obtainable from most other species 
of Enjthioxylon is extremely insignificant, and in some cases the 
alkaloid is wholly absent In Brazil alone there are upwards of 
eighty species of Erythroxylon. 

1 The coca plant is a small slirnb from i to 6 feot m height, growing and 
largely cultivated m Peru and Bolivia, and, to some oxtent, m Biaal and the 
Argentine Bepublio. 
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H. T. Pf differ (Ohem Zrit, xi. 783, 818; Jour Soe Ohem. 
Ind., vi 561) has described the following process of manufactur- 
ing etude cocaine hydrochloude direct from coca leaves .—The 
disintegrated leaves are digested in closed vessels at 7 0° C , foi 
two hours, with a very weak solution of caustic soda and petroleum 
boiling between 200°-250°. The mass is fdtered, pressed while 
still tepid, and the filtrate allowed' to stand until the petroleum 
has completely separated from the aqueous liquid. The former 
is then drawn off and carefully neutralised with very weak 
hydrochloric acid, when a bulky, white precipitate of cocaine 
hydiochlonde is obtained, together with an aqueous liquid fiom 
which a fuither quantity of the salt con he recovered by 
evaporation 

The dried product contains about 75 per cent, of real alkaloid, 
besides traces of “ hygnno,” gum, and other matters A repetition 
of the process proved that the whole of the alkaloid was lemoved 
by a single treatment The soda cannot be substituted by lime, 
nor the hydrochloric acid by other acid 

Assav of Cooa Leaves Pfeiffer employs a similar process for 
tshe assay of coca leaves, 100 grammes of which should he digested 
m a flask with 400 cc. of water, 60 cc of 10 per cent soda 
solution, and 250 cc of petroleum The mixture is kept warm 
for some horns and shaken occasionally, then strained, the residue 
pressed, and the filtrate allowed to separate The aqueous liquid 
is tapped off, and the oily layer titrated with A hydrochloric 
acul. The number of o c required, multiplied by 0 042, gives the 
percentage of cocaine m the samplo The fresh leaves contain 
fiom 0 3 to 0 6 per cent , hut this proportion decreases considerably 
if the leaves have been stored for any length of time befoie being 
worked up 

For the assay of coca, v. d Ma r ck (Jour Phai m , [5], xx, 500 , 
Analyst , xiv 115), after a trial of various processes, recommends 
that 50 grammes of the leaves should be mixed with 20 grammes 
of calcined magnesia and moistened with a little water, dried at 
60°, and the mixture exhausted with ether The ether is distilled 
off, and the residue treated with 30 oc. of 2 per cent, hydrochloric 
acid The solution is filtered, and repeatedly shaken with ether to 
remove colouring-matters Ammonia is then added, and the 
cocaine extracted by shaking three times with 25 c c. of 
ether Aftei standing for a short tune over some fragments of 
calcium chloride, the ether is evaporated, and the residual alkaloid 
weighed 

For the estimation of the cocaine m coca leaves, A B. Lyons 
(Jour. Pharm., [6], xin. 197) recommends that the finely- 
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powdered leaves should be macerated for twenty-four hours with 
eight times their weight of a mixture of 95 volumes of ether with 
5 of ammonia From an aliquot part of this liquid the alkaloid 
is extracted by agitation with acidulated water, the ethei sepaiated, 
and the alkaloid liberated from the aqueous liquid by means of 
ammonia and ogam extracted with ethei, which is then evaporated 
to dryness and the cocaine weighed The associated bases, being 
soluble in water and insoluble in ether, remain in the ammomacal 
liquid. Lyons states that coca leaves do not contain moie than 
0 8 per cent of cocaine, and sometimes the proportion is as low as 
015 pei eent The leaves rapidly deteriorate m value, so that m 
six months they are practically worthless The product fiom 
deteriorated leaves is always more or less coloured, and very htde 
of it is crystallisable , while that from good leaves is almost 
colourless, and easily crystallises. 

M Bignon (Lima) 1 states that coca leaves dried in damp 
weather, with fiequent turning, and sheltered from dew and 
moisture, yield easily 0‘8 per cent of alkaloid, and the finer sorts 
can give 10 per eent, and upwards under exceptional circum- 
stances Coca leaves dried m damp weathei, or pressed into 
sacks before being completely dned, undergo a giadual ferment 
which ends m the complete destruction of the cocaine. 


OPIUM ALKALOIDS. 

Opium, the nature and characters of winch are described at 
length on page 332, is remarkable for the large number of mtro- 
genised organic piinciples contained in it At least nineteen 
alkaloids have been isolated from opium, and the list is piohably 
still incomplete Most of these bodies have well-defined basic pro- 
perties, and the majority are poisonous Some of thorn, as mor- 
phine and narcotine, occur in opium in considerable quantity, but 
the greater number aie present in very small proportion, and are 
eutuely absent from some samples 

The following table exhibits the leading characters of the nitro- 
genised principles which have been recognised in opium In some 
cases the basic character is very feebly marked, while certain of 
the alkaloids (e g , pseudomorphine, oxynarcotine) are probably 
decomposition-products 

Jour., [3], xvi 267 , xyu 606. Bignon states that the Indian 
nsvei chews coca leaves alone , but mixes them with ashes and lime, whereby 
the alkaloid is liberated, and thus obtains the antesthetic piopoities and 
numbing effect upon the mucous memhiane of the stomach which he desires 
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In addition to the alkaloids in the above list, deuteropme, 
opionme, papaverosme, and porphyroxme (page 
330) have been described, but then existence as individuals is 
very doubtful 

With one or two exceptions, the alkaloids of opium are strictly 
peculiar to Papavei aomniferum , while, on the other hand, the 
poisonous alkaloid s a n g u 1 n a r 1 n e, which is present m all other 
papaveraceous plants, does not appear to exist m Papave?. 1 
Indeed, with the exception of prot opine, which is probably 
identical with the interesting alkaloid macleyme, G 20 H 10 fI’O 5 , 
obtained by Ey kinan (Yem-Booh Pharm, , 1882, p. 33) from 

1 Saxguinabine, C^IIuNOj, is best piepared from the loot of Sangumaria 
Canadensis {Teat -Book Phai-m , 1871, 810 , 1875, 256 , 1879, 201) The root 
is exhausted with water acidulated with acetic acid, the solution precipitated 
by ammonia, the precipitate dued and exhausted with ether, and the othoreal 
solution tioatod with hydiochlono acid gas, whioh tluows down the hydro- 
ohlonde of sangiunaiine (BHCl+H a O) as a soailot piecipitate, wlnoh may be 
purified by solution m hot water and lepetition of the tieatvnentwitli ammonia, 
ethei, &c, The fies alkaloid melts at 160°, and oiyslollises from hot alcohol 
m small white neodlee having an aend, burning taste Saugumaune is a 
poweiful naicotio poison , the powdei oauses'sneezing It is insoluble in watei, 
but soluble m ether, cliloiofom, amylio alcohol, benzene and petioleum spmt. 
The solutions exhibit a strong violet fluoresoenco without absoiptaon- bands, 
and aro optically maotivo The salts of sangumarmo aie oiange-red, and 
hence the lice alkaloid is loddened by the ftunes of hydioohlorio acid The 
precipitation of the bright led hydrochloride from the ethereal solution of 
the alkaloid, as above described, is a highly charactenstio reaction Alcoholio 
: sulphmio aoid behaves similaily Aqueous solutions of sangiunaiine salts 
| exhibit a violet fluoresoence, and are precipitated white by ammonia and blight 
led by potassio-iodide of mercury BjHjPtOlo+HjO forms a bright orange 
ijuecipitate, very slightly soluble in water. 

Chelehythkiite, which oeouis m chelidonium and seveial other plants, 

t regarded by Scluel as identical with sanguinanne, but E Schmidt agrees 
^ jith Naschold that the more probable formula is C M H 17 NO, 

^ Chelidonine, CjoHuNOj+HjO, is the pimcipal alkaloid of the twelve 
Jetad to exist in the loot of the common celandine (Chelidonium magus), and 
f oeouis in several othei plants m association with sangumaime or chelerytlmne 
(or both) Chelidonme fonns colouiless monoolimc eiystals melting at 130°, 
soluble in alcohol, but insoluble m water and bnt slightly soluble in ethei 
The salts of chelidonme are colourless, and have a very acini and bittei taste. 
The liydrocliloj ide foims fine crystals which regime frilly 800 parts of cold 
water for solution, winch chaiactei may be used for isolating the alkaloid. 
Chelidonme is a tertiary base, and oontams no methoxyl-group With sugaT 
and sulphunc acid it gives a violet coloiation (See E. Schmidt, Pharm 
Zeit , 1889, 58 ) 

Seveial othei alkaloids besides those already named have been detected in 
Chehdonmm magus, among them being o- and jB-liomochelidonine, 
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in morphine hoth an ethyl and a methyl group are directly united 
to the mtiogen atom. 

Peeudommphine was formerly represented by the formula 
C 17 H 1B N0 4 . Hesse found that the base contained a molecule of 
water which, when driven off, was recovered very rapidly. He 
therefore preferred the formula C 17 H l7 N0 3 , hut more recently has 
abandoned this for 0 3 , or preferably C a4 H 86 N 2 0 6 , the base 

having the constitution of an axydnnorphine 1 On the other hand, 
M P Cnzenonve (Gompt, Rend , 1891, p 805) has obtained a 
violet colouring matter of definite composition by acting an 
morphine with paranitroso-dimethylanihne (page 75) This dye 
appears to be an md amine, analogous m constitution to Bmd- 
schedler’s green, wheieas, if psoudomorphme were derived from two 
molecules of morphine, tho colouring mattei would have contained 
two morphine residues, and had the constitution of asaf ranine 
(Pait I page 252). Combination is not effected by means of the 
hydroxyl-group having a phenolic function, since codeine yields a 
similar dye. 

Narcotine, C 2 ,H 23 N0 7 , contains three methyl-groups (besides that 
connected with the nitrogen), the first two of which may he suc- 
cessively removed by heating the alkaloid with strong hydrochloric 
acid, while by heating with fuming hydi iodic acid tho third group 
may he removed, nor narcotine, C 1B H 17 N0 7 , being produced 
together with methyl iodide 

When narcotine is heated with water under piessuie at 150°, 
it is split up in the fust place with formation of opiamo acid 
and hydrocotarnme (page 325) — 

C 22 H 2g H0 7 +H 2 0 = c 10 e 10 o 6 +c 12 n 1s no, 

The two products subsequently react, more or less completely to 
form mecomn and cotarnme, thus . — 

Ci„h 10 o 6+ c 12 h 1b no 8 = c 10 h 10 o 4 + c 12 h 18 no 8 + h 2 o 

(compare page 161) 

Opiama acid, C 10 H 10 O s (compare page 203), forms delicate white 
crystals It is leduced to mecomn (page 335) by nascent hydro- 
gen, and by oxidation with dilute chromic acid mixture yields 
hemipinic acid, By the action of soda-lime, opiapic 

acid yields methyl-vanillin, CJ3 u Q f which when boiled 

1 On heating pseudomorplune with acetyl chlonde, a tetracetyl-denvative 
is produced , a tact which indicates that the fonr hydnrayl-gioups aie stall 
intact, and that tho hydiogon atoms lostm the foimatiou fiom morphine must 
have been united with caibon. 
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with hydrochloric acid gives vanillin, G 8 H 8 O s (Part I page 62 ; 
see also D o 1 1, Plimrn Jour , [3], xiv. 611) 1 

Colaimne, C 12 H 16 lSr O s , is contained in the mother-liquor from 
which tile meeonin has crystallised It forms a very soluble, 
yellow, hitter euhstance It is a fairly strong base, soluble in 
ammonia and fusible in boiling water When gently heated with 
very dilute nitric acid it yields methylamme nitrate and 
cotarnic acid, a bibasic acid containing O u H ia O B . 

W E o a e r (Annalen, cchv 334, 369), from a careful considera- 
tion of the evidence, considers narcotme to contain the residues of 
opiamo acid and hydrocotarnme, and expresses it by the following 
graphic fonnula It is closely related to apavmne, both being 
derivatives of a bonzyl-isoqumolme 


OCHj 



Narcotme Papaverine 


W. Rosei (Annalen, ccxlvn 167) has obtained an isomer of 
narceine by treating narcotme mothochlonde in aqueous solution 
with caustic soda, when narcotme methyl-hydroxide is precipi- 
tated On exposure to steam tins changes into a base which is 
possibly identical with narceine, apparently m accordance with, 
the equation — C 22 H 2g N0 7 ,CH 8 0H + 3H 2 0 = C^Tt^N 0 9 ,2H 2 0 ; 
or perhaps the new base is on anhy dro-nar cemo con- 
taining C 23 H 27 N 0 8 , 8H 2 0 

Narceine has been expressed by the constitutional formula : — 
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OPIUM ALKALOIDS. 


General Characters of Opium Bases. 

Morphine, codeine, thebame, papaverine, narcotine and narceine 
are the most important of the alkaloids of opium The opium 
alkaloids form a group of which all the members exert a more or 
less narcotic and tetamsmg action, but in very vaiying degree 
Thus morphine is almost purely narcotic and thebame almost 
purely tetamsmg in its action. 1 Morphine, codeine and thebame 
have strongly-marked basic characters They are strongly 
alkaline to litmus, and afford stable salts a Papaverme, narcotme 
and narceine, on the contrary, aie very weak bases (compare 
page 305). 

The free alkaloids of opium aae generally but slightly soluble m 
water, hut dissolve more readily m alcohol. In many instances 
the solutions of the free alkaloids are strongly alkaline to litmus, 
On the other hand, certain of them (e g , morphine, narceine, 
laudanme) exhibit a distinct phenoloid character, and form definite 
compounds with the alkalies The different behaviour of the 
opium bases to solvents affords a valuable means of distinguishing 
and separating them They aie precipitated from concentrated solu- 
tions of their salts by caustic alkalios and alkaline carbonates, 
some of the piecipitates dissolving m excess of the reagent Most 
of the opium alkaloids (except papaverme and laudanosme) have a 
lsevo-rotatory action on polarised light, but the specific rotatory 
power vanes so greatly with the solvent and the concentration of 
the solution that the fact has a veiy limited piactical value 
Many of the opium alkaloids furnish characteristic colour-reactions 
when treated with stiong acids and oxidising agents, which, with 
obseivations of then melting-points, crystalline form, and behaviour 
with solvents, will suffice for the recognition of moat of them when 
m an unimxed state. Them separation is described on page 306 
etieg 

Behaviour of Opium Basies with Solvents. 

The following table shows the recorded behaviour of the opium 
bases with solvents The figures are the number of parts of the 
solvent requued for the solution of one part of the alkaloid Apomor- 
pliine is not a natural constituent of opium, hut is formed by the 
dehydration of morphine, and introduced into the table for con- 
venience of comparison The figures are the number of parts of 
the solvent required for the solution of 1 part of alkaloid. 

1 Thebame appeals to lie the most poisonous of the leading alkaloids of 
tf 1 nny U Papaveiine appears to possess only very slight poisonous properties, 

* Codeine is distinctly more stiongly basic than morphine, and a method of 
determining tlm foimei alkaloid has been based on the fact (page 823), 
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COLOUR-REACTIONS OP OPIUM BASES. 


The solubility of opium bases, as of other substances, is much 
affected by the physical condition of the alkaloids, and to some , 
extent by the manner of making the experiment. 

Coloub-Eeactions of Opium Bases 

Several of the opium bases react in a more or less characteristic 
manner with potassium permanganate (see page 144.). 

Many of the opium alkaloids give brilliant, and m some cases 
characteristic, coloui-reactions with mineral acids, "with or without 
the aid of heat and the addition of oxidising agents The colours 
obtained vary somewhat with the mode of applying the test and 
with the oxidiser employed The colouis obtained are modified 
in a maiked manner by very slight traces of oxidising agents in 
the sulphuric acid used, and hence tins leagent should be scrupu- 
lously free from iron and oxides of mtrogon E Kaudei re- 
commends that the purity of the sulphmic acid should he tested 
by codeine, winch should give no colour even on heating, while 
in presence of the faintest trace of iron, such as may he taken up 
from long keeping in a bottle of common glass, a violet coloration 
is produced 

The colour-reactions of the opium alkaloids are best observed m 
the manner described m detail on page 313 e# seq 

Many of the colour-reactions of the opium bases defy 
classification, and such of these as appear of value are de- 
scribed under the alkaloids to which they refeT, but the 
table on page 302 shows many of the better-known reactions of 
the more important opium bases, according to the most reliable 
observers. 

If a trace of narceine be evaporated with dilute sulphuric acid 
at 100° 0 a beautiful violet-red coloration appears as soon as the 
liquid is sufficiently concentrated ; changing to cherry-red by con- 
tinued heating. After cooling, the addition of a trace of nitric 
acid or a nitrite produces bluish violet stieaks in the red liquid 
The test, which is due to Plugge (Joui Oliern Soc, In 870), 
is said to be very dekeate and characteristic "With traces of 
morphine, codeine, or papaverine the liquid remains quite 
colourless, with larger quantities of either of the two former 
basos a faint rose-red tint is obtained, with thebaine a greenish 
yellow to brown colour, and with naicotine a red to reddish 
brown 

According to Seiena (Analyst, x 149), the following colour- 
reactions are produced on treating certain of the opium alkaloids 
successively with a few drops of concentrated sulphuric acid and a 
very small quantity of a dilute solution of ferno chlonde, with the 
aid of slight heat 
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Alkaloid 

With Sulphuric A old 

On adding Feme Chloride 

Apomorplilne, 

Codeine, 

Papaverine, . 

Opionine, 

Not changed 

Light violet red, deepened 
by heat (compare p 822) 
Purplish red 

No coloration 

CoSee brown 

Violet streaks at point ol 
contact, the bluish green 
mass becoming light violet 

Colourless, on heating, 
violet 

Green , rapidly becoming 
deep-blue 

Bluish gieen 

Green-blue, at 100', violet 


The following table shows the colour-reactions observed by H e s s e 
[Joui . Ohm Soc , xxiv 1064) when certain of the opirun bases 
are treated with pure concentrated sulphuric acid, and with acid 
containing traces of oxide of iron or oxides of nitrogen The 
reactions with feino chloride are also shown 



1 AccoidingtoB K under (Pharrn Jaw , [3], xvm 250), if the sulphuuo 
acid be quite puie no coloration is yielded with codeine oven on heating, but, 
a blue eolom is produaed if traoea of iron he pieseut Cryptopine dissolves 
with violet colour, changing to deep blue, and fading to greenish on standing 
or heating to 150°. In presence of oxide of iron, cryptopine is smd to dissolve 
m sulphuiio acid with deep violet-rose oolour, ohangmg to violet and deep 
blue, and becoming gioomsh on heating to 160° The hydroohloride gives a 
yellow coloration, when flist treated with acid 
a According to M e r o k, laudanum, gives a violet colour with feme chloride. 
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Hesse employs the colour-ieactions of the opium bases with puie 
sulphuric acid as a means of gioupmg them, thus — 


Colon 


Dirty dark green. 

Diity red-violet 
Dirty green to gieen-bi 
Dark -violet or blue 
Ekek brown to dark bi 


Codeine, morphine, psondomorpliine 
Codamine, laudnnine, Utuctaosiue, narcotlue, 


Papaverine l 
Narceine, lauthoplne 


With acid containing non, codamine, laudanum and laudanosine 
are stated to give a dark violet colour, while narcotme and hydro- 
eotarmne react m the same way as with pure acid 

It will be seen that several of the reactions described by Hesse 
differ in a marked manner from those recorded by other observers. 
As in the case of other colour-obseivations, the only safe way is to 
compare the substance under examination side by side with pro- 
ducts of known purity 

Lafon’s reagent, prepared by dissolving 1 gramme of 
ammonium selenite in 20 c c of skong sulphuric acid, is stated by 
da S llva (Gompt Bend, cxn 1266) to give the following colour- 
reactions with the opium bases. — Codeine, magnificent green 
coloration , rum phine, greenish blue, changing to chestnut brown , 
narcotme, blue, turning violet and then reddish, with slight reddish 
precipitate after long standing j narceine, yellowish green, changed 
to brown and red, with red precipitate on standing , papav&'ine, 
blue, passing to dull gieen, violet and red, with a slight bluish 
precipitate on standing 

Determination and Separation op Opium Bases. 

Morphine, codeine, and thebaine may be titiated with case and 
accuracy by a standaid mineral acid, using litmus or methyl- 
orange as an indicator (page 130) On the contraiy, they have 
little or no action on phenolphthaiein, the reaction with which, 
however, is not shaip in the case of morphine (page 311) 

Papaverine, narcotme and narceine, on the contrary, do not 
affect litmus, and then salts may be titrated with litmus and stan- 

1 Hosse states that, when absolutely pure, papavenne dissolves in small 
quantities o£ sulphuric aoid without coloration , but, geneially, on warming a 
crystal of papavenne with eonoontrated sulphuno acid, a dark blue colour is 
produced. Dott also obtains no ooloration m the cold, and the blue colour 
on stiongly heating only A led ooloration before heating is generally due to 
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dard aLkali, just as if the acid weie uncombined (Plugga, 
Pharm Jam., [3], xx 401); and the first two of them being 
alkaloids also evince their feeble basic characters by the fact that 
they are extracted by chloroform from acid solutions. Then salts, 
especially with certain organic acids ( e.g , acetic, benzoic), are very 
unstable, many of them being decomposed slowly by cold and rapidly 
by hot water Hence, when a compound of the alkaloid with a 
mineial acid is treated with a neutral solution of acetate of sodium, 
or even with a slightly acid solution, the fieo alkaloid is precipitated 1 
A faintly acid solution of sodium acetate will indicate 1 part m 
40,000 of narcotme, 1 in 30,000 of papaverine, and 1 in 600 of 
narceine, none of the othei opium bases being piecipitated 

On the foregoing and similar facts, P. C. Plugge ( Analyst , 
xii 197) has based the following process of separating the 
leading alkaloida of opium The aqueous solution of the 
hydrochlorides is mixed with a concentrated solution of sodium 
acetate, and filtered after twenty-four hours The precipitate, con- 
sisting of pure narcotme and papaverine, is washed with a little 
water, and dissolved m a minimum of dilute hydrochloric 'acid. 
The liquid is diluted till it contains not more than of nar- 
cotme, when potassium ferricyatude is added Tins precipitates 
papaverine very perfectly. Aftei standing twenty-four hours the 
liquid is filtered, and the precipitate of papaverine hydrofeiri- 
oyamde either weighed as such, or washed with a little water, 
decomposed by dilute caustic soda, and the liberated alkaloid dis- 
solved m dilute acid and reprecipitated with ammonia In the 
filtrate from the precipitate produced by the ferucyamde the nar- 
cotme is precipitated by ammonia. The filtrate from the precipi- 
tate produced by sodium acetate is concentrated to a small vulume 
at 100°, cooled thoroughly, and filtered after twenty-four hours 
The deposited narceine is filtered off, and washed with a little 
water. The filtrate is mixed with a strong solution of sodium 
salicylate, and the crystalline precipitate of tlielmne salicylate 
separated after twenty-four hours, and washed with a little water, 
dried at 100°, and weighed. On subsequent treatment on the 
filter with dilute soda or ammonia, till the washings are free from 
salicylic acid (as indicated by evaporating to dryness, and the non- 
production of a violet coloration on moistening the residue with 

1 Thu observation is duo to P O. Plugge (Aich. Pharm , [3], xxiv 994; 
Analyst, xu 197) The reaction not only distinguishes papaverine, narcotme 
and narceine from moiphme, codeine, and thebaine, but also from caffeine, 
cocaine, comne, atropine, pilocarpine, strychnine, brucine, rpnnine, cincho- 
nine and emchomdme. The emohona bases aie precipitated if the sodnun 
acetate is at all alkaline. 
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ferric chlonde), pure thebame is left The filtrato from the tliehame 
salicylate is acidulated with hydrochloric acid, the precipitated 
salicylic acid filtered off, and the filtrate repeatedly shaken with 
chloroform This dissolves the lemaming salicylic acid, and traces 
of narceine and thebame, which may he recovered by ovaporatmg 
the chloroform The acid liquid separated therefiom is concen- 
trated somewhat, made exactly neutral to litmus, and mixed with 
potassium thiocyanate (sulphocyamde), which throws down the 
codeine as an acid thiocyanate. Twenty-four hours should be 
allowed for its complete separation. 1 The filtrate should he treated 
with a slight excess of amm onia, and tune allowed for the separ- 
ated morphine to become crystalline The liquid is then shaken 
with chloioform or etlrei to lemovo the remainder of the codeine 
and traces of other bases After separation it is acidulated to dis- 
solve the moiphme, heated to 60° C , and the morphine shaken 
out with hot arnyhc alcohol, after addition of a slight excess of 
ammonia or caibonate of sodium Plugge’s results, obtained in 
test experiments, except m the separation' of codeine and morphine, 
were very satisfactory, considering the difficult nature of the problem 
to he solved. 1 Put the methods are not to he regarded as havmg the 
same quantitative accuracy as those for the sepaiation of the metals 

Anothei method of separatmg the pmicqul alkaloids of opium 
consists m treating the solution with an alkaline carbonate or am- 
monia, and agitating with benzene, when morphine and narceine 
are left insoluble, the remainder passing into the benzene Much 
the same separation occurs with chloroform, except that pseudo- 
morphine is left with the insoluble alkaloids. 

D. B, Dott has communicated to the author the following 
method of separating the chief bases of opium — Tieat the solution 
of their mixed hydrochlorides with a 10 per cent solution of caustic 
soda, and wash the precipitate, which will consist of narcotme, 
papaverine and thebame, the alkaline solution containing morphine, 
codeine and narceine. On agitating the filtrate with chloroform, 
the codeine will he extracted; and on separating the alkaline 
hquid, acidulating it, and rendering it faintly alkalmo with 
ammonia, the mm pinna will be precipitated, the ncuceme, from 
its greater solubility, remaining dissolved. It can he recovered by 

1 The separation of codeine and moiphme by this pioeess is veiy imperfect. 
If the solution bo too strong, morphine is preoipitated with the codeine, and 
if this condition be avoided tho precipitation of the codeine is incomplete In 
test-experiments Phtgge only lecovered 70 per cent of the oodeme used. 
Hence it is better to omit the precipitation with thiocyanate altogether, pio- 
cipitate the morphine with ammonia, and extract the codeine from the filtrate 
by ether or chloroform, after adding caustic soda (compare page 823). 
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evaporatmg the liquid to chyness and treating the lesidue with strong 
alcohol, From the bases piecipitated by caustic soda, the thebame 
can be separated fanly well by crystallisation as acid tartrate. 

Narcotme and papaverine may also he separated from thebame 
(and codeine) by dissolving the Jaee bases m dilute alcohol, rendering 
the liquid faintly acid with acetic acid, and adding three volumes of 
boiling water, when the narcotme and papaverine are precipitated ; 
or sodium acetate may he used as already described Narcotme 
and papaverine may likewise he sepaiated by solution m boiling 
watei containing one-third part of oxalic acid, when an acid 
papaverine oxalate crystallises out on cooling The process should 
be repeated several tunes, and the narcotme finally precipitated by 
ammonia and crystallised fiom boiling alcohol 

The following is an epitome of Hesse’s method of separating 
the rarer opium bases from the mother-hquors left from the prepara- 
tion of morphine by the Robertson-Gregory process 1 The 
aqueous extract of opium is first precipitated by calcium chloride, 
the filtrate from the calcium meepnate concentiated, and the 
hydrochlorides of morphine, pseudomorphine and codeine sepa- 
rated by crystallisation. The mothei-hquor is diluted with an equal 
hulk of hoihng water, excess of ammonia added, the precipitate 
removed by filtration and dissolved m acetic acid The filtrate 
is agitated with ether, the ethereal layer shaken with excess of 
acetic acid, and the acetic solution mixed with that of the ammonia 
precipitate The acetic acid solution is then treated with excess of 
caustic soda, which piecipitates papaverine, narcotme, thebame, 
some ciyptopme, prntopme, laudanosine and hydiocotaimne , 
■while lanthopme, laudanum, codamine, mecomdme, and a portion 
of the cryptopine remain in solution The alkaline liquid is 
neutralised, ammonia added, the bases again extracted by ether, 
and shaken out with acetic acid The acetic acid is neutralised 
with ammonia, when a little lanthopme sepaiates out in twenty- 
four horn's, and the filtrate is treated with more ammonia The 
precipitate foimed js dissolved m a very small quantity of hoihng 
dilute alcohol, which on cooling deposits white crystals of mixed 
landmine and cryptopine On evaporatmg the alcoholic solution, 2 
and treatment of the residue with ether, a solution is obtained 
fiom winch codamine may he isolated, either by addition of fused 

1 Foi E. Kauder’s modi'ication of Hesse’s method, see Aioh Pharm , 
ocxxvm 419 , and Jena. GJicm. Soe , lv 227, 

2 Hesse could obtain no ineoonidmo from this solution, and hence concludes 
that it had been decomposed by the pieocdmg operations, as he had pic- 
i wusly obtained it from a aimdar source by nnotliei process (Ann. Ghem. 
Pharm , oliu. 47 ; "W atts’ IhU Chem , vi. 883) 
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calcium chloride (which causes water, colouring-matter, and crystals 
of codamine to separate), or by conversion into the acetate, and 
this into the hydrioclide 

The mixture of bases insoluble in caustic soda is digested with 
dilute alcohol, and acetic acid added till the liquid is faintly acid to 
litmus On adding three measures of boiling water, a crystalline 
precipitate of papaverine and narcotine is thrown down The 
filtrate, freed from alcohol by evaporation, on adding strong hydro- 
chloric acid, will give a precipitate of ciyptopme hydiochlonde , but 
m order to avoid the conversion of thebaine into its non-crystalline 
isomer thebaicme, it is preferable to add tartaric acid, which 
throws down crystalline thebaine acid tartiate The mothei-liquor 
of this is neutralised with ammonia, and mixed with 3 per cent 
of its weight of sodium bicarbonate made into a paste with water, 
Aftei standing about a week, a black, pitchy mass separates, the 
filtrate from which gives with ammonia a precipitate which is 
treated with boiling benzene, the hltrato bemg also extracted by 
agitation with benzene On shaking the united benzene solution 
■with a satuiated aqueous solution of sodiran bicarbonate, laudana- 
sine crystallises out, and the benzene filtered from this yields 
hydrocotai nine hydrochloride on passing hydiochlonc acid gas 
The portion of the ammonia precipitate left undissolved by benzene 
contains ciyptopme and protopme These bases are converted in 
hydrochlorides, and the solution treated with strong hydrochloric 
acid, when the protopme hydrochloride forms a horny deposit which 
adheres to the sides of the glass, and is easily freed from the 
gelatinous ciyptopme salt by washing with a little water 

Narceine is mentioned as existing m the liquors, but the stage 
at which it is separated is not stated 

Morphine. Moiphia 

C 1Y H 19 iTO g ; C lV H lT NO(OH) 2 , or C 17 H„(OH)NO OH . 

Morphine is the most important of the bases contained m opium, 
m which it exists in combination with sulphuric and mecomc acids. 

The mode of prepaung morphine may be gathered fiom the 
methods of assaying opium (see also last page) , 

Morphine crystallises in transparent, colouiless, tnmetnc prisms, 
which are usually very short They contain one molecule of water, 1 
which is given off slowly at a temperature of 90° and more lapidly at 
100° C (Pharm Joui , [3], xvm 701, 801 , xix 61, 148, 180). 
At or above 200° morphine partially volatilises, melts, and turns 
biown, becoming carbonised at a somewhat higher temperature 
1 D B Dott found the pioportion of water lost to correspond more nouily 
to 8C 17 H 19 N0 3 + 9H s 0. 
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Morphine is inodorous, has a persistent bitter taste, and is a 
powerful narcotic poison 

Morphine is nearly insoluble m cold water, requiring, according 
to C h a s t a i n g, 33,333 parts at 3° and 4545 at 22° 1 At 42°, 
the solubility is 1 m 2380, and in boiling water about 1 in. 450 
(Year- Boole Pharm, 1882, p 30). The solution has an alkaline 
reaction. Morphine dissolves in 30 parts of boiling or 50 of cold 
absolute alcohol, and in a somewhat smaller quantity of rectified 
spirit. In ether and chloroform it is almost insoluble when m a 
crystallised state, hut dissolves sparingly when fieahly-precvpitated 
and amorphous. A useful solvent for moiphia is a mixture of 
equal volumes of ether and acetic ether (ethyl acetate) , but even 
m tins its solubility is limited, especially in the crystalline state. 
Amylic olcohol dissolves morphine sparingly (1 . 150) in the cold, 
but when heated is a burly good solvent for it (1 • 50) The 
alkaloid dissolves best when liberated from one of its salts in 
presence of amylic alcohol 

In benzene and petiolouin spirit, morphine is practically insoluble, 
as also m volatile oils 

According to Florio (Gas Ghim. Italiano, m 496) 100 
paits of the following solvents dissolve of morphine — 



A. B Prescott (J our Chem, Soc, xxix 405) has pointed 
out the great influence the physical condition of morphine has 
upon its iclation to solvents, and has determined the proportion 
of diffeient solvents lequisite for the solution of morphine in the 
crystalline, amoiphous, and “nascent” conditions, by the last 
term meaning that m which the alkaloid exists when liberated by 
ammonia or an alkaline carbonate from the aqueous solution of 
one of its salts The following are Prescott’s figuies : — 

1 Pott gives the solubility of morphine m water at 15° O. as 1 m 2500 
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Other figuies for the Bolubihty of morphine are given on page 301 
Solutions of caustic potash and soda dissolve morphia readily, 
as also do baryta and lime water, and, to a limited extent, am- 
monia also. Solutions of caustic alkalies dissolve quantities of 
morphine equivalent to the bases contained in them, with the 
formation of unstable moiphmates which are decomposed by 
carbonic acid and assume a dark brown colour on exposure to air 
Crystalline morphinates of potassium, baiium, and calcium have 
been obtained Prom these facts, and the blue reaction with feiric 
chloride, Chastamg {Join Pham, [S], iv 19) inferred that 
morphine possessed a phenoloid character, and this view has been 
fully borne out by the lator researches of Grimaux and Hesse 
(page 296) 

Solutions of morphine axe Isevo-rotatoiy In alcoholic or dilute 
acid solution, S» is said to be —89° 8 and S„ — 70° For the 
hydrochloride, the value is S„= - 100° 67 —1° 14 C. In alka- 
line solution, the value of S„ for morphine is stated to be — 45° 2. 

Morphine is very sensitive to the action of oxidising agents, a 
fact which is often used for its detection (page 314 et seq ). It 
reduces salts of gold and silver, permanganates, ferricyamdes, iodic 
and periodic acids, &c The reactions of morphine with strong 
sulphuiic and nitric acids are described on pages 313, 314. 

When moiphine is heated with stiong hydiochlonc acid or zmc 
clilonde it loses the elements of water and is converted into 
apomoiphme, C 17 H 17 N0 2 (page 319) 

Salts of Morphine 

Morphine dissolves readily m dilute acids, forming salts which 
are perfectly neutral in leaction to litmus and methyl-orange, and 
hence it may be titrated with accuracy by the aid of standard 
hydrochloric acid and either of these indicators With phenol- 
phthalem morphine does not give a sharp reaction, but the pomt 
of neutrality is approximately the same as if the acid of the 
morphine salt were m a free state 

The salts of morphine are mostly crystalbsable, and are all bitter 
and very poisonous. They axe generally soluble m water and in 
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alcohol, but arc insoluble or only slightly soluble in amylic alcohol, 
ether, chloroform, benzene, or petroleum spirit Morphine is not 
removed from its acid 01 neutral solutions by agitation with any 
of the above solvents, except imperfectly by amylic alcohol. 

The following table shows the formulae of the more important salts 
of morphine, the percentage of morphine hydrate, the relative dose, 
and D B Dott’s figures for their solubility m cold water 
( Pharm Jour., [3], xiu 404 , xvi 653) — 


Morphine Salt 

Formula 

Morphine 
Hydiato, 
yar cent 

Relative 

Bose 

Solubility m 
Watei at 15* 6 O 

Hydrochloride, * 

BHOl + SHjO 

80 09 

100 

1 pal tin 21 

Sulphate, 

B2,H»30 4 3' BD 2 0 

70 01 

100 

„ 23 

Acetate, , . 

B,0jH 4 O s + 3H 3 0 

70 08 

104 , 


lactate, . • 

B,CjH 0 O 8 

80-80 

100 

„ S 

Tartrato, . 

BaiC 4 H(i0 4 + 8 HjO 

78 29 

102 

„ Of 

ileconate, 

BfcCWV + SHjO 

7010 

114 

„ 84 


Morphine Eych ochlonde, oi Morphia Hydrochlorate, BHC1 + SH 2 0, 
crystallises m colouiloss sillcy fibres, soluble m half its weight of 
boiling watei and m 40 paits of cold lectified spirit It becomes 
anhydrous at 100° C The commercial salt often has a buff or 
biownish tint from admixture of resuious matters, which are 
detected by the biown or black colour assumed by the salt when 
heated to 130° C. 

Mot pinna Ilydriodide, BHI + 3H 2 0, is obtained as a compact 
mass of hair-like needles on mixing a concentrated alcoholic solu- 
tion of potassium iodide with a concentrated solution of morphine 
hydrochloride. The product only slowly icdissolves on adding 
more spirit, and is very sparingly soluble m water, especially m 
presence of potassium iodide The hydrobromde can be obtained 
similarly. 

Mot plum Sulphate, B 2 H 2 S0 4 +5H 2 0, closely resembles the 
hydrochloride It loses 3H a O at 100°, and the remaining two 
atoms at 110°. It exists natuially in opium. 

Morphine Acetate (see above) is a white, or faintly yellowish 
white, obscurely crystalline powder It is readily soluble and 
crystalhsable. It is partially decomposed by boiling or evaporating 
its aqueous solution, crystals of morphine being deposited. 

Morphine Tartrate, B 3 C 4 H b 0 6 +3H 2 0, is readily soluble, hut 
the acid tartrate, BC 4 II 0 O 6 , only sparingly so. Their solutions are 
not precipitated by caustic alkalies, alkaline carbonates, or chloride 
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of calcium The taitiate is best detected by precipitating the con- 
centrated solution wth potassium acetate and acetic acid m 
presence of alcohol (Yol I. page 457) After boiling off the 
alcohol, the morphia can be precipitated from the filtrate by an. 
alkaline carbonate or ammonia 

Mot plane Meconate (see above) is interesting as being the form 
m which morphia largely exists m opium When morphine and 
mecomc acid are dissolved m absolute alcohol, and the solution is 
evaporated, an amorphous, hygroscopic, veiy soluble residue is 
obtained, which m concentrated solution deposits ciystals of neutral 
morphine meconate containing 5 aqua, even in piesence of suffi- 
cient mecomc acid to form the acid salt 

Detection and Determination of Morphine. 

Free morphine, when pure or in the form of one of its ordinary 
salts, is readily detected Its determination is easy when un- 
mixed with interfering substances, but as it exists m opium is 
attended with considerable difficulties Most of the coloiu-rcactions 
of morphia are best obseivcd by operating on the solid substance, 
but foi certain qualitative tests and foi all quantitative methods the 
alkaloid must be m solution 

A. Reactions of Solid Moi phine For observing these reactions 
a minute fragment or crystal of the solid alkaloid or its salt should 
be employed, and the experiment should he conducted in a small 
porcelain basin or crucible The residue obtained by the evapoia- 
tion of the solution of morphine in alcohol or amylic alcohol is 
well-suited for the operation 

1 Solid morphine tieated with a diop of a pen fectly neiiti dl solu- 
tion of feme chlonde or iron-ahun gives a veiy chaiactenstic 
deep greenish blue colour, changed to gieen by excess of the re- 
agent The colouring matter is not taken up by chloroform The 
colour is destroyed by free acid, by heat, or by contact with 
alcohol 1 Pseudomoiphme also gives a blue colour with ferric 
chloride, and codamine a dark green. 

2 Nitnc acid (1 42 sp gr) added to solid morphia turns it an 
orange-i ed colour, which is Changed to yellow on heating, and 
destroyed on adding sodium thiosulphate (hyposulphite) The 

1 The coloiationis piodnced in stiong solutions of moipliine, but becomes 
impel oeptfble with modeiate dilution J L Aimitago ( Plmrrn Jom ,[3], 
xvin 761) has pointed out that oven m solutions far too dilute to give the 
reaction, the morphine may be detected by adding potassium femeyamdo, 
which produces a blue or green colointion Anmtage attributes thisaeaction 
to the leduollon of the non to the fenous state, and the reaction of this 
with the fern cyanide to form Turnbull's blue , but it is moro piobablo that 
the femeyamdo is leduced to ferroeyamde, and then reacts with the feinc salt 
to form Prussian blue (compare page S3 7). 
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coloration is said to be due to the formation of a body of the 
foroiula G 10 H D NO 0 , which yields picric acid -when, heated with 
water to 100°. 

3 Solid morphine, when pure, is commonly said to yield no 
coloration m the cold on adding pure concentrated sulphuric acid , 
hut according to D ott ( Pharm Join [3], xn 615) a distinct, 
though faint, pink colour is produced. On heating to 150°, a 
dirty green (or lose-red) colonr is developed, and on raising the 
temperature still further the solution becomes almost black On 
allowing it to cool and diluting with water, a greenish blue colour 
is produced, which on addition of ammonia in excess becomes 
green 

4 Oil adding oxidising agents to the solution of solid moiphme 
m cold concentrated sulphiuic acid, the following reactions are pro- 
duced 1 a After adding a diop or two of water to heat the mix- 
ture, the subsequent addition of nitric acid will produce a lose-red 
coloration, changing to brown The reaction is very delicate 
b Potassium chlorate gives reactions similai to those with intno 
acid If the alkaloid he liist heated with concentrated sulphuric 
to 100° for half an hour, and a crystal of potassium chlorate or 
nitrate added to the previously cooled violet-ied solution, a beau- 
tiful violet-blue coloiu is pioduccd, which passes into a dark blood- 
ied, changing to yellow c If the sulphuric acid solution be heated 
on the water-bath to 1 00°, and a minute fragment of pure potassium 
pel chlorate 2 be added, a deep brown or leddish brown ooloration 
is pioduccd, which rapidly spreads thiough the liquid The colour 
is destroyed on dilution. L S l e b o 1 d, to whom the test is due, did 
not obsone a similar reaction with any other alkaloid <2 Potas- 
sium bichromate is leduced with pioduction of gieen colour (No 
coloui-reaction is produced if for the bichromate be substituted the 
dioxide of lead or manganese. Distinction fiom strychnine ) e On 
adding sodium or potassium arsemate, and warming gently, a slate- 
blue roloui is produced, which on raising the temperatuie passes 
into green, then mto deep blue, and finally, when the acid begins 
to volatilise, again into dark olive-green On diluting moderately 
with water, a reddish brown coloration is produced, changing to dirty 
bluish and green on fuither dilution j and on agitating with chloro- 
foun the latter liquid is coloured violet-blue (Donath). If 

1 Tho reactions in question have been verified in the autlioi’s laboratory 
by W. H B a 1 1 a c 1 o u g h, and the description given in the text is m accord- 
ance with his lesidts. 

’ The perchlorate must be fieo from ohlorate, which is enanred by heating it 
with hydrochloue acid as long as chlorine is evolved The salt ib then washed 
with eold water and dued 
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sodium phosphate be substituted for the arsemafco 1 and beat 
appked till acid fumes appear, tlie nnxtine becomes violet, chang- 
ing to brown or olive-green. If, after cooling, water be gradually 
added, a reddish brown coloration appears, changing to dirty bhush 
green on further dilution On now shaking with chlorofoim, the 
latter liquid acquires a fino blue colour. / Sodium or ammonium 
molybdate added to the sulphuric acid solution gives a fine violet 
coloration, changing to blue and dirty green, and finally almost 
vanishing The reaction of morphine with sulphomolybdic acid 
may be observed with more certainty by adding previously pre- 
pared Frokde’s leagent (page 147) to the solid morphine Papa- 
verine and a few glueosides give a similar reaction 

5 If solid moiplnne ho mixed with from 2 to 8 parts of 
powdeied cane-sugar, or solutions of the two bodies be mixed and 
evaporated to dryness, addition of a drop of concentrated sulphuric 
acid will produce a beautiful purple colour, changing gradually to 
blood-red aud brownish red, becoming olive-brown on dilution with 
water The colouring matter is not soluble in chloroform The 
test may be applied to a solution of morphine by saturating the 
liquid with sugar, and pouring it carefully on to some concentrated 
sulphuric acid, when a purple or rose-red coloration will be ob- 
served at the junction of the two fluids Codeine gives a very 
similar reaction (Schneider) According to H. W e p p e n. the 
delicacy of this test is much increased by adding a drop of bromine- 
water after the sulphuric acid, this modification rendering the 
reaction equal if not superior to reactions 3 and 4 c, and less 
dependent on the purity of the morphia. 

M Robin mixes the alkaloid with twice its weight of powdeied 
sugar, and adds one oi two drops of pure sulphuric acid, and states that 
morphine hydroehlonde gives a beautiful rose colour, changing first 
to the tint of a solution of potassium permanganate, and then to 
violet and dark green, while codeine gives a eherry-red colour 
changing to violet, and narcotme a beautiful and very persistent 
mahogany-brown colom 2 

B Reactions of Moiphine m solution The following reactions 

1 For convenience, tins test is described here, but it seems improbable that 
the reaction is dne to oxidation 

a Atropine gives with sugar and sulphuric acid a violet ooloiation, changing 
to blown , veratime, a deep gieen , santonin, a led oolour, changing to coffee- 
black Salicm gives a vivid red Pure aoomtme gives no reaction, but 
mixed aconite alkaloids as extracted from the root give a fine ohorry-ied 
coloiation, changing to cninson No leaction is given by stryohnine, brucine, 
ooeame, pilocarpine, caffeine, bebenne, apomoiphine, cupreine, oi the cin- 
chona bases (J F Burnett). 
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are yielded by an aqueous solution of tbe hydrochloride or acetate- 
of morphine — 

1 On adding to a toloiably concentrated solution of a salt of 
morphine a fixed caustic alkali, an alkaline carbonate, ammonia, 
or lime-water, hydrated morphine, C 17 H lfl NO s +H s O, is 
thrown down ae a white precipitate speedily .becoming ciystalhne 
The precipitate is almost insoluble in perfectly cold watei, hut 
dissolves m excess of ammonia ot lime-water, and very readily m 
excess of caustic alkali Tho alkaline carbonates, used in excess, 
rediasolve the precipitate somewhat, hut it is insoluble in excess of 
bioaibonates Excess of magnesia precipitates tbe alkaloid com- 
pletely The morphia precipitated hy the foiegomg reagents, and 
allowod time to become ciystalhne, piesents a characteristic appear- 
ance under the nncioscope 

A fauly accurate determination of morphine may be made m 
the absence of interfering substances, by piecipitatmg the toleiahly 
concentrated, cold, aquoons solution with sodium bicaibonale, allow- 
ing tune for the piecipitate to become crystalline, filtering, washing 
moderately with very cold water (preferably saturated with mor- 
phine), drying at 100° or 120°, and weighing the anhydrous 
morphine, OjjIIjpK'Og, when the weight becomes constant 

Instead of diymg and weighing the alkaloid, the washed preci- 
pitate may be placed, together with the filter, m a moderate excess 
of standard acid, and tho excess employed ascoi tamed by titration 
with litmus or methyl-oiange (not phenolphthalem). 1 ec 
of decmomul acid neutiahses 0 0285 gramme of anhydrous 
morphine. 

2 If moiphia he liberated from the solution of a salt by one of 
the reagents mentioned above, and the liquid and suspended pre- 
cipitate be at once shaken with hot amyhc alcohol, cold acetic 
ether, or a mixture of equal measures of ether and acetic ether, 1 
the morphia passes mto solution, though with some difficulty, and 
may he obtained in a free state by separating tho ethereal liquid, 
and evaporating it to dryness at a gentle heat If the liberated 
morphia be allowed to crystallise before subjecting it to agitation 
with the solvent, its solution becomes very difficult to effect 

For quantitative purposes, hot amyhc alcohol should be employed- 
as the solvent It should be added before the alkaloid is liberated, 
which should he done hy ammonia, magnesia or sodium bicarbonate, 
and the agitation should he conducted immediately, and the separa- 
tion and re-agitation effected without delay On evaporation of 
the amylic alcohol at 100° the anhydrous morphine will remain as 
1 The aoetic ethei must ho fieo fiom noid. This may be ensuied hy agitating 
it with, some sodium bioaibonate before use. 
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a residue, which can be weighed, 1 or the amylic alcohol containing 
the alkaloid m solution may be titrated by dilute standaid acid 
and methyl-orange, as described on page 131 If desired, the 
alkaloid may be recovered from its amylic alcohol solution by 
repeated agitation with dilute hydrochloric acid, 2 and then repre- 
cipitated from the aqueous liquid by ammonia, or an alkaline 
bicarbonate. Tins affords a valuable means of purifying morphine 
and separating it from other alkaloids. 

To effect complete extraction of the morphine liberated by ' 
magnesia, ammonia, or an alkaline bicarbonate, several agitations 
with amylic alcohol aie necessary If ammonia be employed, 
sufficient passes into the amylic alcohol to vitiate the subsequent 
determination of the morphine by titration ; while if the amylic 
alcohol bo freed f lom ammonia by agitation with water, or even with 
biine, a portion of the morphine is dissolved out If the separated 
amylic alcohol be distilled off, the residual moi phone may be titrated, 
or the difficulty avoided by using magnesia instead of ammonia 

3 A volumetric determination of morphine may be made by 
means of Mayer’s solution, as described on page 140 The method 
has little practical utility 

Further information on the determination of morphine will he 
found m the section on the assay of opium 

4 Morphine readily reduces ferncyamdes to ferrocyamdes, with 
formation of pseudomoiphme (oxydimorphmc) — 

40 17 n ]S N0 8 ,HCl-(- 4E s FeCy 0 - 2(O 8J H s ,N a O 0 ,2HCl) + 8K 4 FeOy 0 + H 4 FeCy 0 . 
Consequently, on adding to the solution of a salt of morphine, 
slightly acidulated with hydrochloric acid, a mixture of aqueous 
solutions of ferric chloride and potassium fomeyamde, a blue 
coloration or precipitate of Prussian blue is produced This reaction 
may be conveniently employed for detecting morphine in presence 
of the cinchona bates 

L Kieffer (. Anml Cliem Pharni , cm. 274) has pioposed to 
utilise the reaction with femeyamde for the quantitative deter- 
mination of moiphme For this puipose he adds a known weight 
of solid potassium ferncyanide to the morphine or its salt, and 
mixes them m a mortal with a minimum quantity of water The 
contents of the mortar are linsed into a flask, potassium iodide 
aud hydrochloric acid added, and the liberated iodine determined 

1 There is some evidence that moiphme foims a compound with amylio 
alcohol not decomposed hy evaporation at the ordinary temperature {Pharm, 
Jour , [3], xvm. 101) 

2 A solution of morphine m hydrochloric acid oannot he shaken with amylic 
alcohol without extraction of some of the alkaloid, probably in the form of 
hydroohlonde. 
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by decinormal sodium thiosulphate (hyposulphite) The difference 
between the volume required and that used in a blank experiment 
with the same weight of potassium feriicyanide eoiresponds to the 
salt reduced by the moipkuie One cc of difference m the ^ 
thiosulphate used repiesenta 0292 of anhydious morphine 1 

Tenturim (6 te. Chim Ital , xvi 239) leports favourably of 
Kieffer’s process. The author’s results were discouraging. 

5. On mixing a solution of morphine with one of iodine dis- 
solved m hydriodic acid, a crystalline precipitate is formed even m 
extremely dilute solutions. Under the microscope the crystalline 
form is characteristic of morphine, winch may thus be distinguished 
from papaverine and codeine, which bases also give crystalline pre- 
cipitates with the reagent, whale narcotine, narceine and thebame 
yield amorphous precipitates. 

6. Addition of chlonne or bromine water, followed by 
ammonia, occasions m modeiately concentialed solutions of 
morphine a biown colour or red coloration gradually changing 
to brown 

7. Morphine and its salts reduce wdio acid with liberation of 
iodine. This reaction is also produced by albuminoid and various 
other organic bodies, so that it is not absolute pioof of the presence 
of morplna The test becomes much improved and increased in 
delicacy by the following mode of opeiatmg — 

To the solution to be tested for morphia, as nearly neutral as 
possible, is added one of iodic acid in 16 parts of water In 
piesence of 1 pait of morplna m 20,000 of liquid a yellow colora- 
tion is observed In modeiately stiong solutions of morphine 
addition of starch-liquor gradually changes the yellow colour to 
blue, but not in solutions containing less than 1 per 1000 Tbis 
is impoitant, as with other reducing agents the blue colour is well 
marked m fai moie dilute liquids On adding excess of ammonia 
to the yellow liquid the colour is discharged if due to foreign 
matter, but distinctly deepened if due to morplna If a solution of 
moiphine, which is too dilute to give a blue coloui with iodic acid 
ami starch, bo mixed with these reagents, and some highly dilute 
ammonia allowed to flow from a pipette on to the surface of the 
liquid, two coloured lings make their appearance at the junction of 
the fluids A blue ring is seen in the lower acid layer and a brown 
one m the upper alkaline portion If a dilute solution of morphia 
be mixed with one of starch, and evapoiated to dryness m a por- 
colain crucible at a gentle heat, and the residue, after cooling, be 

1 It is possible that Kieffer's process might be applied, to the amylic alcohol 
solution of morphine, by agitating it with potassium feriicyanide solution. 
In suoh a oaso, ammonia, if present, would not interfere. 
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moistened with, iodic acid, a blue colour will be produced m pre- 
sence of 1-20,000 of a gram of morphia (A D u p r <$). 

Another way of employing the test is to agitate a solution of 
iodic acid with an equal measuie of caibon disulphide, which 
should not become coloured even after adding a chop or two of dilute 
sulphuiic acid and again shaking, If the solution to be tested for 
morphine he now added to the mixture, and the whole again shaken, 
the carbon disulphide will be found after separation to have a violet 
colour from dissolved iodine if morphine he present, and the depth 
of tint will afford an indication of the amount Morphine can be 
recognised in this way in a single diop of paxagonc or tincture of 
opium 

Stein and others have descubed a colorimetric method of 
estimating morphine, based m the iodic acid leaction 

In employing the iodic acid test it is essential that the reagent 
should. not give free iodine on treatment with a drop of dilute 
sulphuiic or acetic acid. 

S Solutions of moiphme salts give no ciystalhne precipitate with 
either potassium chromate, thiocyanate (eulphooyamde) or ferro- 
oyanide (distinction from strychnine) 

Apomobphine, C 17 H 17 N0 2 ‘When morphine or its hydro- 
chloride is heated to 140°-160° C m a sealed tube, with a large 
excess of strong hydrochloric acid, or with zmo chlonde at 110°, 
it is converted into the hydrochloride of apomorphine, the 
formula of which base differs from that of the parent alkaloid by 
the elements of water, though its foimation is probably attended 
by polymerisation Apomorphine may be obtained m a state of 
purity by dissolving the contents of the tube in water, adding 
excess of acid carbonate of sodium, and agitating with ether or 
chloroform, in eithei of which apomorphine is freely soluble 
(difference from morphine) The ethereal solution is sepaiated 
and shaken with a very little strong hydrochloric acid, when 
crystals of the hydrochloride of apomoiphine are deposited These 
axe sepaiated, washed with a little cold water, and purified by 
reerystalhsation, From its aqueous solution of the hydrochloride, 
sodium bicarbonate precipitates free apomoiphine as a snow-white 
amorphous substance, readily soluble in alcohol, ether, chloroform 
and benzene, which speedily turns gieeu on exposure to the air 
The changed alkaloid is paitially soluble in water and alcohol.witli 
emerald-green colour, m ether with magnificent rose-pnrple, and 
in chloioform with fine violet tint. The colourless solutions of 
the unchanged substance soon acquire these tints In its physio- 
logical effects, apomorphine differs from morphine m a very marked 
manner, being a prompt and non-untant emetic. From 0 001 
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to 0 010 is the adult medicinal dose by the stomach Dangerous 
and even, fatal symptoms have followed the hypodermic injection 
of 0’012 gramme Apomorphme gives a crimson-red colour with 
nitric acid, and brown with iodic acid, but (unlike morphine) yields 
a xose-red or amethystine colour with ferric chloride, changing to 
violet and black. The most dehcate reaction of apomorplnne is 
the production of a green coloration when the solution is ren- 
dered faintly alkaline with potassium hydrogen carbonate and 
exposed to the err With a solution containing 1 part m 100,000, 
the green colour appeals within ten minutes. 

Apomorphme is said to be liable to be formed in old solutions 
of morphine hydrochloride, which consequently acquue emetic 
propei ties ; hut the statement is disputed by Dott, and requires 
confirmation (Phai m Joui , [3], xvi 287, 299, 604, xvn 80). 

Apomorphme Hydrochloi vie, C 17 H I7 N0 2 HCl, forms anhydrous, 
romute, shining crystals, which turn gieemah on exposure to light 
and air. It is freely soluble in water and alcohol, forming a 
neutral solution, which turns gieen on boiling or standing, and 
keeps better if very faintly acid The freshly-made aqueous 
solution should be colourless, or nearly so It is generally held 
that if a 1 per cent solution be emerald-green, the sample should 
bo rejected foi medical use, but D IS Dolt ( Pliarm Jow , [3], 
xxi. 916) has pointed out that tho coloration is so intense that 
very little actual change is theieby indicated. Monell found an 
old solution which had been exposed to light for tluee months to 
act quite effectively. 1 

Basic Associates of Morphine. 

As already stated, opium contains a large number of bases, some 
of which are present m very minute amount, oi are altogether 
absent from some samples. The names, formula, solubilities, and 
chief colour-reactions of those alkaloids have already been given 
(page 294 to 305), and morphine has been described at length 
(page 309) Tho following are additional facts lespectmg the 
less important bases of opium. 

Codaminb, GjoHjjN 0 4 , melts at 126° when crystallised from 
benzene, and 121° when separated from alcohol or ether It forms 
large six-sided prisms, which can be sublimed It dissolves moder- 
ately easily m hot water, giving an alkaline solution Its salts, 
which are amoiphous, give precipitates with caustic alkalies and 
1 Morrell finds that a pationt who is made violently ill by j- gram of 
apomorphme hydrochloride administered hypodermically, can take ~ gram 
tbnee daily m the form of pills. Apomorphme acts as a powerful expectorant 
in cases of ohionic bronchitis. 
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ammonia, soluble in excess of either reagent with nitric acid, 
codamine gives a dark gieen coloration with sulphuric acid, and in 
presence of a minute quantity of ferric chloride a gieemsh blue 
For other colour-reactions and solubilities, see page 301 et seq 

Codeine] Codeia. C 18 H 21 NO ai or C lr H 1(r NO(OH) OCH 8 This 
base has the constitution of a morphine methyl-ester The 
relation of codeine to morphine and synthesis theiefrom are 
described on page 167 Its theoretical relations and constitution 
■have been recently further mvestigated by Kaol’r (Be )’ , xxii 181, 
1113) and Skranp and Wiegmann (Monatsch, x 732) 
Codeine occurs m opium m proportions ranging from 0 1 to 1 0 
per cent 1 

Codeine ciystallises from dry ether or carbon disulphide in small 
anhydrous pi isms From watei it is deposited m well-defined 
octohedra or orthorhombic prisms containing 1 aqua and melting 
under boiling water to an oily liquid Anhydrous codeine melts 
at 150°-155°, and solidifies to a ciystalkne mass on cooling 
Codeine is somewhat soluble m watei, requiring 75 to 80 paits 
of oold water, or 17 at the boiling-point It is leadily soluble in 
alcohol, ether, amyhc alcohol, clilorofoim and benzene, but is 
almost insoluble m petroleum spirit (compare page 301) Codeine 
is as soluble in ammonia as in water, a fact utilised to sepaiate it 
from morphine, but it is practically insoluble in excess of caustic 
potash or soda, and is precipitated by these reagents from its 
aqueous solution, if not too dilute. 2 Solutions of codeine are 
optically active, the rotatory power being much affected by the 
nature of the solvent, and the presence and proportion of free acid 
In alcoholic solution Sj = -136% m chloroform, —112° 

Codeine has a hitter taste, and resembles morphine m its physio- 
logical action. It is official in the Butish and several foreign 
Phannacopceiaa, and is chiefly employed to allay restlessness, cough, 
and other symptoms for which opium is generally prescribed, and 
when the latter medicine is not toleiated In phthisis, it appears 
to prevent and appease the tickling irritation of the cough, with- 
out deranging the digestion It is an important remedy in diabetes, 

1 Codeine is usually isolated from opium by precipitating the aqueous 
extract by calcium chloride, evaporating and cooling the filtrate, ledissolvmg 
tlie deposited ciystals of the hydrochlorides m water, and precipitating the 
morphine by ammonia. Prom the filtiate, aftor conoentiation, the codeine 
can be recovered by treating by precipitating with caustic alkali, and purified 
by crystallisation from cthei, 

a The hydroxyl-gioup in the eodeme molecule does not appear to bo phenolic, 
as evidenced by the insolubility of the alkaloid in caustic alkalies, and its 
negative reaction with ferno chlonde. 
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and is also recommended as an hypnotic in mental disease. The 
official dose is from J to 2 grams In larger quantities, codeine 
produces narcotism, often preceded hy vomiting and occasionally 
by purging. 

Codeine is a strong base, having a marked alkaline leaction, and 
forming ci ystallisable, soluble salts, which are neutral to litmus and 
methyl-orange The free base precipitates solutions of lead, iron, 
copper, and ceitain other of the heavy metals 

Codeine Hydi ochlonde crystallises m radiated groups of prisms 
containing BIIGl-f 2H 2 0, soluble m about 20 parts of cold water 
The solution is lsevo-rotatory (Sj= —108°) The crystals lose a 
poition of their watei Q aqua) readily, but the lemainder is only 
dii ven off by many days heating at 100° (Schmidt, Pharm 
Jour, [3], xxi 82), but easily at 120° (D o 1 1) Hence the pro- 
portion of water in commeicial samples of the salt is vanable 
Codeine Phosphates The salt BH„P0 1 +2H 2 0 is obtained as a 
crystalline piecipitate hy inkling codeine to a solution of phosphouc 
acid till the leaction is only faintly add, and then adding excess 
of alcohol. When reciystullised fiom watei the composition is 
unchanged, but the salt deposited fiom the solution in hot dilute 
alcohol contains 2HH 3 P0 it +H,0 Both foims lose then' watei at 
100°, and aio met with m commerce, as also a prepaialion contain- 
ing excess of phosphoric acid The usual composition of com- 
meicial rodeme phosphate is B,H 8 P0 4 +H 2 0 (Dot I.) If the 
salt turn giey or yellow at 100°, the piesence of impiuity is 
in healed The phosphate is said to he the pieferable form of 
employing codeine foi hypodermic injections 
Detection awl Deto mviation of Codeine 
In its reactions and geneial characters codeine presents a stiong 
resemblance to moi plane, hut is sharply distinguished by its ready 
solubility m ethei and chloroform, and its precipitation by excess 
of caustic alkali. Codeine does not reduce iodic acid, and gives no 
coloiation with feme chlonde In stiong nitric acid it dissolves 
to a yellow liquid which should not become red (diflfeienee fiom and 
absonce of morphine). With pure sulphnuc acid, codeine gives no- 
coloiation, but on waiming, or very piolonged standing (several 
days) at the oidinaiy tempeiature, a blue colour is developed. This 
coloui is piodueed if a trace of nitnc acid, ferric clilonde, or othei 
oxidising agent he present, an arsemate being the preferable reagent 
The bine coloration on warmmgwitli sulphuric acid and feme chlonde 
is apparently common to all ethers of the codeine class Frohde’s 
reagent (page 147) is stated hy some observers to produce a dirty 
green colour, soon becoming deep blue, and changing m twenty-four 
hours to yellow , according to others, a cheiry-red tint, changing 
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to violet, is 'produced L. Raby states that if solid codeine be 
‘stirred up with two diops of a solution of sodium hypochloute, 
four drops of stiong sulphuric acid added, and the whole mixed 
together, a splendid and persistent blue coloration results. Escuhn 
was the only othei substance (of thnty examined) which gave at 
all a similfli reaction L a f o n uses a solution of 1 gramme of 
ammonium selenite m 20 cc of strong sulphuric acid, which gives 
a magnificent green colour with traces of codeine. Other reactions 
are given on pages 302 to 306 

Commercial codeine has been met with adulterated with ammo- 
nium, tartiate ( Pham Jow , [3], xiv. 1035), which salt closely 
resembles it, but is distinguished from codeine by its insolubility 
in alcohol 

Claassen has based a method of determining codeine on the 
well-known fact that it completely decomposes morphine salts (N Y 
Pharm Rundschau \ 1890,40, Jour Ohem. Soc.,lvm 1198) The 
warn aqueous solution of the fiee base is treated with oxcess of 
morphine sulphate with frequent shaking, and allowed to stand in 
the cold for at least twenty-four hour«, when the deposited morphine 
is filtered off, dried, and weighed (or titrated) The amount found, 
multiplied by 0 9868, represents the anhydrous codeine, or by 1 0412, 
the hydrated codeine (G 18 H 21 N0 g +H 2 0) To separate morphine 
and codeine, the mixed bases, or their salts, aie evaporated to dry- 
ness with excess of magnesia Tho residue treated with water, 
and the liquid shaken repeatedly with ether fiee from alcohol, tho 
ether distilled off, and the residue exhausted with hot water In 
the lesultant solution the codeine can be determined as above 
described. 

Olaasseu (Joe tit) has also pointed out that fiee codeine com- 
pletely decomposes ammonium salts when heated with them, ami 
has based on the fact a method of determining the alkaloid , but 
as morphine behaves in a similar manner, the fact has little practical 
value. 

The simplest means of determining codeine and morphine m 
admixture is to precipitate the solution of the hydrochlondcs with 
acid carbonate of sodium, and wash the dried precipitate with 
chloroform The residue consists of mot plane The aqueous 
filtrate is treated with caustic soda, agitated several times with 
chloroform, the various chlorofoim washings and extiacts united, 
evaporated, and the residual codeine dried at 110°, and weighed 
(D. B Dott) 

Pseudocodeine, C 18 II 21 N O s + II 2 0, was discovered by E Merck 
m prepanng apocodeme (Arch Pharm, cexxix 161). It is a 
Strong base, crystallising in needles melting at 178°-180° It is 
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lrevo-rotatory, forms cryatallisable salts, gives no reaction with ferric 
chloride, and has a physiological action similar to, but weaker than, 
that of codeine , 

Apocodeme , C la H lfl lSr0 2 , is said to be produced by heating codome 
hydrochloride with a concentrated solution of some chloride for 
fifteen minutes It is described as gummy, insoluble m water, 
soluble m alcohol and ether, and yielding amorphous salts In 
physiological action it is a valuable expectorant and mild emetic. 
Apocodeme gives a characteristic blood-red colour with nitric acid. 
D B Dott doubts the existence of apocodeme, and states that 
commeicial apocodeme hydi ochloride is not of a very definite 
nature, bemg probably a mixture of an amorphous modification 
of codeine, polymerised bases, chloiocodide, and apomorplnne. The 
physiological results appear to harmonise with this view (Pham. 
Jow , [3], xxi 878, 916, 955, 996) 

Methocodeine or Dimethylmorphme, C 1? H 17 FO(OCH a ) 2 , is of 
mteiest merely from its theoretical relation to rnoiplnne, codeine 
and thebame (compare page 296) It is a base fanning liaid bril- 
liant lammre melting at 119°, and yields with sulpliuue acid a 
brown coloration, turning violet on addition of water 

Cryptopine, occurs m but veiy small quantity in 

opium, and is piecipitated on adding caustic soda to the mother- 
liquor from which codeine, naiccme, thebame and papaverine have 
been separated. It crystallises from alcohol m minute six-sided 
pnsms It is optically inactive, sparingly soluble in boiling alcohol, 
veiy slightly m benzene or petroleum spirit, but more readily in 
chloioform. When freshly piecipitated it. is soluble m ether, but 
slowly sepaiates fiom the solution (See also pages 301, 304 ) 
Ciyptopme and its salts have a hitter taste, and pungent cooling 
after-taste ; they are hypnotic and mydriatic 

Cryptopine salts when dissolved in hot water usually produce on 
cooling a gelatinous mass, which is gradually changed to crystals. 
The normal sulphate does not crystallise ; the acid salt gelatinises, 
as the solution cools, and the jelly shows hut slight signs of crystal- 
lising, even after standing several weeks. The acid oxalate and 
acid taitrate are very sparmgly soluble. Feudal cryptopine meco- 
nute, (C 21 H S3 F0 8 ) ? C 7 H 4 0 7 + 1QH 2 0, is insoluble m cold, and but 
slightly soluble in boiling water, and. is probably the form m which 
the alkaloid exists in opium (Fhaim Jour , [3], xvm 250) 
Deutekopine, C 20 H n FO B , an alleged homologue of protdpine 
and cryptopine, requires furtliei examination. 

Gnosoopine, C^HjgNgOjj, occurs m the mother-liquors of 
naiceme When recrystallised from boilmg spirit the base foims 
Jong, thin, white needles, having a woolly appearance when dried. 
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It melts at 233°, decomposing at the same time, and burns with a 
smoky flame, leaving a skeleton of charcoal In 'pure sulphuric 
acid, gnoscopme dissolves with slightly yellow colour, which 
becomes at once carmine-red upon additiop of a trace of nitric acid, 
the colour being permanent This leaction distinguishes the base 
from rkcaadme, which becomes red with sulphuno or hydiochlorie 
acid alone {Pirn m Joui , [3], ix 82). Gnoscopme hydrochloride 
gives a buff-colouied precipitate with platmio chloride. (See also 
page 301 ) 

Hydeocotaeninis, is formed fiom narcotine, together 

witli meconm, by the action of nascent hychogen It volatilises 
partly unchanged at 100°, and forms readily soluble salts 

LAKi’HoriNE, is obtained from the mother-liquors 

left from the preparation of moiphme by the Robertson-Gregovy 
piocoss (see page 308) It is a weak base forming no acetate. It 
is coloured orange-red by nitric acul, and pale violet by sulphuric 
acid, the latter colour changing to a dark brown on heating (See 
also pages 301, 304) 

Laudanine, C 20 H 21v NO,p occurs with lanthopine It has re- 
cently been piepaied on a commercial scalo by Merck from 
opium mother-liquors, but the yield is only one-thud that of 
cryptopine Laudanme crystallises from its solution in boiling 
alcohol in transparent granules or hexagonal prisms melting at 1 66°. 
Laudanme is leevo-rotatory, tasteless, and poisonous, the hydrochloride 
being bitter and resembling strychnine m- its effects It resembles 
morphine m dissolving in caustic alkali solutions, but the soduun- 
deiivative is repiecipitated m glistening white needles on adding 
excess of caustic .alkali From its solution in caustic alkali lauda- 
nme is wholly unremovod by chlorofoim or amylic alcohol, but is 
extracted if precipitated by ammonia. Its phenolic character is 
further evidenced by the green coloration yielded with ferric 
chloride. Treatment with methyl iodide converts laudanme into 
a base chemically resembling codeine, and distinct from laudano- 
sme. The solution of laudanme m pure concentrated sulphuric 
acid has only a very faint pink tmt , the same acid containing iron 
yields a slightly deeper tint, but on heating either solution till 
the acid begins to volatilise, a violet coloiation is obtained With 
nitric acid, laudanme gives an orange-red colour Laudanme is a 
strong base, having an alkaline reaction, and forms wcll-crystal- 
lised salts of a bitter taste BHI is sparingly soluble m cold 
water, and BHC1 easily soluble in water, but nearly insoluble in 
brme. (See also pages 301, 304 ) 

Laddanosinb, C 21 H 27 N 0 4 , is homologous with laudanme, hut is 
not produced by heating that base with methyl iodide Laudano- 
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sine is isolated by conveisiou into its sparingly soluble hydrin dlde. 
It crystallises flora benzene m needles melting at 91° Both, the 
free alkaloid and its salts taste very bitter, and are tetanic poisons. 
Landanosme is dextro-rotatory The solution is strongly alkaline It 
gives no coloration with feme chloride (See also pages 301, 301 ) 

Morphine, G l7 H ia N0 8 , has already been fully described (page 
309) 

Meconidine, CgjBjgNC^ (page 301), forms a brownish yellow 
amoiplious mass, soluble with difficulty in ammonia, but readily in 
caustic alkalies The base cannot be removed from its solution m 
caustic soda by agitation with etbei, but is extracted from its 
anunonmcal and lime-water solutions Meconidme is alkaline in. 
reaction, and aeaily destitute of taste, but yields very bitter, 
unstable salts It is very easily decomposed by mineral acids, wi tli 
production of a rose coloiatwn It is dissolved by strong sulphuric 
acid with an olive-green, and by nitric acid with au orange-rod colour 

Narceine C 2! H 20 NO 0 , orG 13 H 20 NO 4 GOC 0 H 2 (OGH 3 ) 2 COOH 
(compare page 299) This base vas originally discovered by 
Pelletier, who attributed to it the melting-point 9 2° G, but 
Hesse found it to melt at 145° This latter figuie, although sub- 
sequently corrected bj Hesse himself, has been generally adopted 
by compilers, though C 1 a u s and M e i x n e r found 162°, hut E. 
Merck has shown (Ohem. Zeit, 1889, p 625) that the ordinary 
commercial alkaloid of English manufactuie melts between 1 60° 
and 160°, and the pure base at 17 0°— 17 1 0 . 1 Narceine crystallises 
from water m long white prisms or delicate needles, containing 2H 2 0, 
which is driven off at 100° It has a bitter taste, with styptic 
aftei-taste, and powerful hypnotic properties It is optically 
inactive It is very sparingly soluble m cold water or spirit, but 
dissolves veiy easily on heating It is but slightly soluble in chloro- 
form, and insoluble m ether and benzene Narceine is precipitated 
on adding ammonia or caustic potash to solutions of its salts, but 
dissolves in excess of either leagent, and on addition of a large 
excess of caustic alkali is reprecipitated as an oily liquid 2 

Narceuie is a very weak base, the free alkaloid having a very 
feeble alkaline reaction to delicate litmus , the solutions of its salts 
may be titiated W’lth litmus just as if the alkaloid were absent. The 
acetate is decomposed by watei, and the base is said to be extracted 
by chlorofoxm (but not by amylic alcohol) fiom liquids containing 

1 D ott states that tlie melting-point is indefinite, as partial decomposition 
oeems 

2 Narceine containing a carbo'tyl-group, its solubility in alkalies is normal, 
but it seems piobable that the oil precipitated by excess of caustic alkali is an 
alkaline naroem&te rather than the free alkaloid. 
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even fiee mineral aculs BHG1 forms needles or short stout 
prisms very easily soluble m water and alcohol, and melting with 
decomposition at 163° Narceine liberated fiom the hydrochloride 

or other salts by ammonia retains hydrochloric acid with great 
persistency, and cannot be purified by recrystalhsation from watei 
or dilute alcohol According to E Merck (Cham Zcit, 1889, 
p 525 , Pharrn Jour , [3], xix 1034, xx 481) narceine can best 
be obtained pure by crystallisation fiom watei containing some 
ammonia or caustic alkali, but a considerable quantity remains in 
permanent solution Foi Iheiapeutic purposes, the presence of a 
small proportion of hydiocliloride is of no consequence, and 
Merck considers that a pieparation fiee from meconm, and so far 
freed from basic salt as not to melt below 165°, is sufficiently puie, 
Chlorine-water, followed by ammonia, gives a blood-ied colour 
with narceine, but many other substances (e g , tannin) Leliai o 
similarly Potassium bichromate gives a crystalline precipitate 
after some time Iodine gives a biown piecipitato in uaiceme 
solutions, but if ammonia be added to remove excoss of iodine the 
precipitate is seen to be blue Weak lodmo solution colours nar- 
ceine black-blue , m boiling water a colourless solution is obtained, 
but the eiystals formed on cooling have a violet ol blue colour 
Sulphuric acid containing iodic acid gives with narceine a black 
coloration changing to red (see also page 302 et seq ) 

" M e c o n a r o e i n e,” according to E M e r c k, is a preparation 
of a very variable character, of which one form consists of a yel- 
lowish liquid containing codeine, narceine, and an unidentified acid 
soluble m ether, but no mecouic acid In another case the “ meco- 
nitrceme” formed a white powder melting at 110°, and consisting 
of a mechanical mixture of narceine and meeonic acid, which on 
adding water combine chemically, and the lecrystallised pioducts 
mult with evolution of gas at 126°, which is the melting-point of 
acid, narceine meeonate (Phaim Zed , 1889, p 90) 

Nargotine, C s2 H 28 N 0 7 , occurs m opium m very vaiiable 
quantity, the usual range being from 1 '3 to nearly 11 percent, 
but some samples contain tmees too minute to be recognised by 
the usual methods Bar cot rue may be extracted from dried opium 
by ether or benzene, or by the same solvents from the piecipitato 
produced by ammonia in the aqueous solution of opium 1 It may 
be separated fiom naioeine by precipitating the solution with 
excess of ammonia, when the narceine remains in solution. 

Narco true ciystalhses from alcohol or ether m colourless, trans- 
parent, glittering prisms oi groups of needles, which melt at 17Q°, 

1 Opium fiom winch the mucotiua has been, removed w this mamiei is now 
an aitido of commerae, 
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and resolidify at 130°, crystallising if cooled slowly Above 200° 
narcotme is decomposed into m e c o n l n and cotarmne 1 It is 
feebly narcotic, exhibiting poisonous effects only m somewhat large 
doses (1 5 to 3'0 giammes). The solid base is nearly tasteless, 
but the solutions aie bittei In the free state narcotine is Revo- 
rotatory, but the salts exhibit dextro-rotation 2 

I) B D o 1 1 has obtained the acetate, sulphate and hydrochloride 
of narcotme m a crystalline state ; hut the first of these salts is almost 
completely decomposed by solution, the base being precipitated 
and free acetic acid formed The same reactxpn occurs when 
sodium acetate is added to a solution of narcotme hydrochloride 
(compare page 306) The hydrochloride and sulphate of narcotme 
are somewhat more stable, their solutions remaining clear even 
when laigely diluted , but they react with litmus just as if the 
acid were uncomhmed, 3 and yield the naicotme to chloiofoim 
and similar solvents These faots prove the basic propoitics of 
narootme to he very feebly marked 

Nat cotine meconate forms a syrupy solution, which on evapora- 
tion drios to a varnish which redissolves poifectly m water 

The caustic alkalies, alkali-metal carbonates, and ammonia throw 
down narcotme as a white crystalline precipitate, almost insoluble 
m cold watei and in excess of the preoipitants It may he extracted 
from the alkaline liquid by chloioform oi benzene, or less readily 
by ether or amylic alcohol It is practically unaffected by petroleum 
spirit (compare page 301). 

Narcotme is precipitated by the usual allcaloidal reagents, but the 
reactions aie not very characteristic. With potassium thiocyanate 
it yields a crystalline precipitate readily solublo m acids, even in 
acetic acid Iodised potassium iodide precipitates naicotme from 
extremely dilute solutions. Narcotme may be precipitated and 
titrated by Mayer’s solution (page 139). 

If a solution of narcotine in dilute hydroohloric acid be treated 
with bromine, a yellow precipitate is obtained, which dissolves ou 
boiling , by giadually adding bronnne-water, and boiling, a fine rose 

1 Tho constitution and decomposition-pi oducta of narcotme are described on 
page 298 

2 Hesse found foi tile flee alkaloid — 


Concentration, 

Bn, 


For a solution m “benzine” Dott and Peddle found S„= -229° (when e 
was 1 6), and for a solution m dilute oialio aoid, Sd— +62° 

8 Narcotmo hydrochloride is neutral to methyl-orange (Dot t). 
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colour is pioduced, but is readily destroyed by excess of bionume. 
Tlie reaction is characteristic With chloune-water, narcotine gives 
a yellowish green colour, turned orange by ammonia Iodic acid 
gives no coloiation with naicotme. If narcotme be mixed with 
twice its weight of cane-sugar, and the mixture moistened with 
strong sulphuric acid, a fine and persistent mahogany-brown colora- 
tion is produced, said by M Robin to be highly chaiactenstic. 
(See also page 302 ) 

Opianine, to which the formula G 21 H zl I ; r0 7 is attnbuted, is 
probably ineiely impure naicotme 

Oxynarcotine, C 22 H 28 170 8 , is contained m tbe mother -liquoi s 
of narcotme. 1 It forms mmute ciystals, somewhat soluble in hot 
water, but little soluble in hot alcohol, and insoluble m ether, 
chloroform 01 benzene. By oxidation with feme chloride it yields 
cotarmne and hemipimo acid BHC1+2I-I 2 0 forms- 
crystals (See also page 101 ) 

Papaverine, C 2a H 21 N0 4 , is a weak base of feeble narcotic pro- 
perties It is separated from narcotmo by crystallisation from a 
strong solution m oxalic acid, the acid oxalate of papavenne being 
veiy spanngly soluble Papaverine crystallises m lliombic prisms 
or needles, or sometimes m scales. It is slightly lssvo-rotatory, 2 
though its hydrochloride is inactive The neutral succinate forms 
large tabular crystals melting at 171°, and soluble in hot water, 
the benzoate, triclinio crystals melting at 146°, and soluble m 
alcohol hut insoluble in watei, and the salicylate, monoclinic 
crystals melting at 130°. Sulphuric acid containing iodic acid 
gives with papaverine a purple colour, turning black and green. 
Dilute solutions of papaverine salts are not precipitated by phospho- 
molybdic acid. Tincture of iodine, added to an alcoholic solution 
of papaverine, gives giadnally a precipitate of crystalline needles. 
With potassio-iodide of cadmium, papavenne yields a dense white 
precipitate (See also page 301 et seq ) 

Papaverosine, found by Deschamps (1864) m the dried seed 
capsules of the poppy, crystallised m prisms, was soluble in alcohol, 
ether, chloroform and benzene, and formed a gummy hydrochloride 
With sulphuric acid it gave a violet coloration 

1 Oxynaicotine was fiist Isolated in an lmprne condition by D. Biown, 
from crude narceine. This pioduct was puufied and analysed by Alder 
Wiight and Beckett. 

2 G Goldschmidt (Monatsch, lx 42) states that pure papaverine is inac- 
tive, and suggests that tlie optioal activity of landamue should Iib reinvesti- 
gated, as these two alkaloids constitute the only two known exceptions to tlie 
Bel-Van’t Hoff tlieoiy that derivatives of optically active substances arc also 
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Poephyeoxine, described by Merck m 1837 as the red colour- 
ing matter of opium, aecoiding to Hesse is a mixture of saveia! 
bases, one of which is meconidme, and another probably 
rhceadmo, which latter alkaloid also occurs in the capsules and 
other parts of the red poppy Kanny Lall Dey ( Pharrn 
Jour , [3], xn 397) states that by treating the aqueous extract of 
Indian opium with ammonia or sodium carbonate, and immediately 
agitating with ether, the ethereal solution always leaves on evapora- 
tion a body (rhoeadme ?) which, when warmed with dilute hydro- 
chloric acid, gives a rich piuple coloration, and he recommends the 
reaction as a test for Indian opium. 1 "With Turkey and Smyrna 
opium no such leaction is obtained 

Pbotopine, C 20 H 10 NO 5 , appears to be the most widely-distributed 
of all the opium alkaloids. It is found m veiy minute quantity m 
opium, hut has been met with also m Macleya corilafa, Stylo- 
p/ioium dijihi/llum, Sanc/inuaua OaimJen^n, and Chehdunmm, 
wojus Protopme lesembles ciyptopuie, hut the solutions of its 
salts have a bitter taste, and do not gelatinise on cooling In 
small doses, protopine acts on fiogs as a narcotic, and m stionger 
doses paralyses the muscle-substance, and the pmphoial ends of 
the nerves Upon mammals it lias a poisonous action like that of 
camphoi, but diffeis from it m paialjnng the circulating organs 
(See also pages 301, 304 ) 

Pseudomobphine Oxydiniorphine C^Hg^O,, 2 3 This alkaloid 
is best pimlied by solution m ammonia, fiom which it crystallises 
in colouilesB mists or delicate silky needles containing 3 aqua It 
is a very weak base, forming no acetate, and is without action on 
vegetable colonis It is tasteless and not poisonous. It dissolves 
lendily m caustic alkalies and milk of lime, but is insoluble m all 
the ordinary alcoholic and etheieal solvents, as also m dilute 
snlphunc acid and alkaline carbonates (Compare page 301 ) Its 
most soluble salt is the hydioehlonde, winch lequires 7 0 parts of 
rold water for solution On adding ammonia, avoiding excess, the 
alkaloid is precipitated in a crystalline state from the hot, and in. a 
gelatinous state from the cold solution Hesse finds that when 
pseudomorplnne is mixed with an equal weight of cane-sngai, and 

1 Merck repeatedly dips a slip of filter-papei m the ethereal solution, 

allowing it to diy spontaneously after each immeision The papei is then 
moistened mth liydioehloiio acid and exposed to steam, when it will aequiie, 
especially after drying, a more or less distinct loso-ied coloui. 

3 Psendomoiplnne occuis voiy raiely, having heeu obsoived by Hesse in. 
good Smyrna opium only once m four years It may be piepaied by treating 
morphine with oxidising agents of modeiato power, suoh as potassium fern- 
cyanide or dilute permanganate (page 144) 
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strong sulphuric acid (pure) added, a characteristic dark green 
coloration is obtained, which gradually turns blown (compare test 5, 
page 315) If the acid contain a minute quantity of iron, a blue 
coloration changing to gieen is produced 

Rhceadine, C 21 H 21 NO 0i exists *m all parts of the led poppy 
(Palaver Rhooaa ), and in the ripe secd-capsules of the white poppy. 
It forms small white pusms, which are tasteless and not poisonous. 
Its solutions in weak acids, avoiduig excess, aie colouiless, but on 
adding excess of sulphuric or stiong hydrochloric aud a purple-red 
colour is produced. This is destioyed Ly alkalies and restoied by 
acids, and is so intense that 1 pait of rheeadme will colour 10,000 
parts of water purple-red, 200,000 deep rose-red, aud 800,000 
distinctly red, although only a fraction oi tho base is conveitecl 
into colouring matter The colouiless solution of rheeadme m 
acids is piecipit ite'd by tannin On adding potassium iodide to 
a solution of the acetate, the liydnodule is precipitated as a dense 
crystalline mass, consisting of microscopic prisms An aqueous 
solution of lhoeadme becomes red by prolonged boiling, prut of the 
alkaloid being converted into the isomeric base lhceagenme 
(soluble without colour m arnls), aud on adding a drop uf hydro- 
chloric or sulphuuc acid the \\ hole base is decomposed, the 
solution acquiring a puiple-red colour Cold dilute sulphuric acid 
converts solid lhoeadme into a colourless resinous mass, which soon 
dissolves with splendid purple coloui, changing to dailt puiple on 
boiling, and depositing on cooling small pu&nis which are biowmsh 
red by transmitted and gieon by reflected light , while the lipid 
retains rheeagenme equal to 99 per cent, of the rheeadme present, 
together with the colouring mattei 

Opium sometimes contains a base which gives the above colour- 
reactions with sulphuuc acid, but it is somewhat doubtful if it is 
actually rheeadme (Compaie Porphyroxme, page 330 ) 

Thebaine, C 19 H 21 N0 8 , or C 17 H 15 N0(0 CII S ) 2 Thebaine occurs 
in opium in proportions rangmg from 0 15 to 10 per cent It 
crystallises m silvery scales from dilute alcohol, and iu needles or 
hard quadratic prisms from stiong alcohol Thebaine melts at 
193°, and is not sublimable 1 It has a sharp and styptic taste, 
and is a powerful tetanic poison, producing symptoms resembling 
those due to stiyclinnie The fatal dose is smaller than that of 
morphine Thebaine gives a reddish blown coloration with chlonne- 


1 This is Hesse’s experience, and is confirmed by Dott According to other 1 
obseivois, at about 136° it sublimes without fusing, andis deposited in minute 
crystals lesembling caffeine ; while at higher temperatures, needles, cubes, aud 
prisms aie obtamed 
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water and ammonia. Its other colour-reactions (and its solubilities)- 
have already been described (See page 301 et seq) 

Thebame is stated to be extracted (with some difficulty) by 
chloroform, from its acid solutions , but the statement requires con- 
firmation, as it is inconsistent with the strongly-marked basio 
characters of thehame 1 * From narcotine, thehame may be sepaialed 
by treating the concentrated acetic solution with excess of basic 
lead acetate, which precipitates the narcotme only. Dilute acids 
readily alter thebame, convening it into the isomeric bases 
thebenme and thebaicme, which are sparingly soluble m 
hot alcohol and insoluble m other simple solvents "When heated to 
90°, under piessure, with fuming hydrochloric acid, thebmne yields 
a base having the probable formula C 17 II 16 bfO(OH) 2 , called by its 
discovered W C. H o w a i d (Bar , xvu 527, xix 1596) morpho- 
thebaine, to indicate its ongm and relation to morphine 

Tritopiue, 04211541^207, was isolated by Kauder in minute 
quantity fiom the mothei-liquors of the opium-alkaloid manufac- 
ture It resembles moiplnne and laudanmo ui being' soluble m 
soda solution, but is roprecipitated m the form of an oil by a large 
excess of the reagent Tritopme crystallises in characteristic ' 
, anhydrous, transparent, ueedle-hke plates melting at 182°, easily 
soluble in chloroform, hut only slightly m ether With sulphuric 
acid it behaves like laudanme. It appeals to be a ih-acid base 
(Arch. Pkann , cexxvin 419) 

Opium. 

Opium is a gummy mass, consisting of the inspissated juico 
from the incised unripe fruit-capsules of Papavei sommfenm, 
hardened m the air 

Opium is produced m Turkoy, Asia Minor, Persia, India, China, 
and other countries, but Smyrna, Constantinople, 01 Turkey opium 
is the only variety recognised by the majority of the pliaima- 
copoems. Persian and East Indian opiums are imported chiefly as 
sources of the opium alkaloids 3 Chinese opium is wholly con- 
sumed locally. 

1 It is possible that oertara thebame salts are soluble in chloroform (as aio 

those of codeine), and aio dissolved as such by agitating then aqueous solutions 
with clilotofoim 

* The vanoty of poppy cultivated in Asia Mmoi is said to he the black, 
which usually lias pmple flowers, and black, though occasionally white, seeds 
It is said to bo usually nehei in morphia than that from the wto-floweiing 
and white seeded poppy, whioh is nch in naiootine,' and appears to he the only- 
kind onltiyated in Egypt, Persia, India, China, and Japan. (For a chemical 
distinction between Tuikey and Indian opium, seo page 830.) 
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Opium varies considerably in appearance, composition, and 
■quality, according to its origin and mode of prepaiation 1 

Opium is remarkable for tbe large number of definite, highly com- 
plex, crystalline principles contained in it. Of these the majority are 
alkaloids, a list of which is given on page 204. In addition, 
opium contains acetic, lactic, and meconic acids, the last 
substance being peculiar to opium Besides these bodies and the 
inorganic constituents, opium also contains the indifferent 
bodies meconm.meconoiosin, and o p i o n l n, and a variety 
of s u g a l , together with gummy and pectous matters, albumin, 
wax, fat, caoutchouo, resin, and a liumoid acid Woody fibre and 
other extraneous matters are also frequently present ; but genuine 
opium is wholly free from both starch and tannin 

The following may he taken as the general composition of opium : — 


Morphine, . • 

Narcotine, . . . 

Other alkaloids, 

Meoomn, , 

Meoomc acid, 

Peouhar resm and cRout- ' 
choue, 


Per Cent. 

0 to IB, 
aveiage 8 
4 to 8 
0 6 to 2 

8 to 8, 
aveiage 4 
5 to 10 


Per Cent 


Fat, . 

Oum and soluble humoid 
acid niatteis, 

Insoluble matteis and 
mucus, . . 

Ash, .... 


I 


Water, 


{ 


lto 4 
40 to 66 
18 to 20 
4 to 8 
ft to 80, 
aveiage 20 


Alkaloids. Mmphtne is the most abundant of the bases of 
opium, and the most valuable of the constituents. Most of the 
pharmacopcBias requne dried opium to contain not less than 10 per 
cent of morphine Good Smyrna opium deprived of water usually 
contains from 12 to 15 per cent of morphine, though cakes fiom 
the same case are apt to vary considerably , hut if the proportion 
he below 10 per cent, on the dry substance, adulteration may be 
suspected Egyptian opium is poorer m morphine than that from 
Asia Minor, the proportion ranging from 6 to 12 per cent, hut it 
contains a larger propoitipn of narcotme Persian opium is 
extiemoly vanable m quality, probably partly m consequence of 
the practice of mixing it with sugar and other adulterants, though 
much of it is equal to ordmaiy Turkish opium East Indian opium 
is, as a lule, remarkably weak in morphine, the proportion being 


1 The product of Asia Minoi is described in the British Pharmacapmm (1885) 
as follows , — “ In rounded, irregularly formed, oi flattened masses, varying in 
weight, but commonly about eiglit ounoes to two pounds, usually coveied with 
portions of poppy leaves, and scattered over with the reddish-hiown ohaffy fruits 
of a species of Eumex When flesh, plastic and internally somewhat moist, 
coarsely gianular, and reddish- or chestnut-browu, bnt beoommg harder by 
keepmg, and darkening to blackish-biown Odour stiong, pqcuhai, naicotic, 
taste nauseously bitter ’’ 



334 


■ALKALOIDS OK OPIUM 


sometimes as low as 2$ per cent., more commonly between 31 and 
5, and occasionally as high as 8 or 9 pei wait This inferiority is 
probably paitly due to chmate and partly to defective methods of 
collection and preparation. 1 The variety known as “ Patna garden 
opium” is prepared specially for medical use, and contains from 7 to 
8 per cent of morphine In Chinese opium, the proportion of mor- 
phine is generally low Pi on oh opium yielded Guibourt from 
14 4 to 22 8 of morphine, and German from 16 5 to 20 per cent j 
thatfrom the white poppy containing, nccoidmg to B ll tz, 6 8 per, 
cent (?) Algerian opium fiom red poppies yielded 10 4 to 17 8 
,pei cent of morphine, and from white poppies 15 to 8 5 per 
cent (?) In United States opium, the pioportions of morphine 
observed have ranged from 7 4 to 10 2 per cent 

The morphine m opium is usually stated to exist m combination 
with mecomc acid, hut D o 1 1 has shown that moxplune ordinarily 
exists m opium partly as meconate and paitly as sulphate 2 3 In 
some cases tiaces of acetate and lactate are present 

Narcotine exists m opium m widely varying proportions and 
often ra considerable abundance Upwards of 10 per cent has 
been occasionally met with Enst Indian opium always contains 
more naxcotme than morphine, whilst French opium sometimes 
affords neither narcotme, narceine, nor thohainc 

The narcotine m opium is generally assumed to he uncombmed, 
as it is readily extuicted by ticatmg the onginal (dried) substance 
with ether oi benzene , but as narcotme is readily i amoved fiom 
the acidulated solutions of most of its salts by agitation with a 
suitable solvent, such as chloroform or benzene, it does no't follow 
that its extraction from opium is due to its presence m a fiee 
state. It most piobably usually exists as meconate Occasionally 
the narcotme resists the action of solvents, unless the sample of 
opium has been previously treated with ammonia. 8 

1 A u b e t g i o r states that in one oaso tlie prodnot contained 18 per cent of 
moiphme, whilo the opium from a neiglibommg farm, where the collection 
was made somewhat lator, contained only 11 per cent 

a P/iro m Jour [3], xiv 389 Tins conclusion is based on the following 
observations — 1 An alcoholio extract of opium contains sulphimo acid, 
wbicli cannot be m combination with alkaloids, as mctalho sulphates are 
insoluble in alcohol 2 An aqueous extiact of opium oontiuns sulpkuuo acid 
m quantity sufficient to combine with the whole of the moiphme 3 The 
same extinct contains mecomc acid in quantity insufficient to couveit all the 
morphine into meconate 4 The same extract contains moigamc and oi game 
hoses with wluoli the sulphnno acid will unite in pieference to tlio moi plane, 
and the remainder of the sulpliuuo aoid will not suffice to combine with all 
the morphine (See also Proa Ploy Soo Mm , 1882-83, page 189 ) 

3 Twelve samples of opium analysed by Jluckiger (Pharm Jour [3], 
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Pwplnjnmne, according to Kanny Lai I Ley ( Pharm Jour., 
[3], xn 397), l? a definite basic substance, always piesent m 
Indian opium, but absent from Turkey or Smyrna opium Ley 
regards its presence as so constant and cbaiactenstic of Indian 
opium that be utilises it m toxicological investigations (See 
page 330) 

The oilier alkaloids of opium have been observed m the follow- 
ing proportions — 


Cudeine, 0 2 to 0 I pel cent. 
Codamine, 0 003 per cent 
Ciyptopme, very 3mall 
Lanthopmo, 0 005 per cent 
Laudanum, 0 005 per cent 


Narceine, 0 02 to 0 1 (0 7) per cent ' 
Papaveime, 1 0 pel cent 
Pseudorooiphme, 0 02 pel cent. 
Rhmadine, nnnnte 
Thebaine, 0 16 to 1 0 pel cent 1 


C O CI r j) 2 

Meconin Opianyl C 10 H 1# O 4 , or C 0 H 2 -< CO O ) 

Ich 2 ] 


Meconin is on mdiffeient body, crystallising m colourless, shin- 
ing, six-sided prisms, which melt under water at 77° C, or alone 
at 110°, and distil at 155° It is odouiless, bittei, and readily 
soluble m alcohol and chloroform, hut only sparmgly m ether 


v 845) gave tlio following analytical leBnlts Tho proportions of moiplune arc 
most piobably sensibly below the truth 



Assays of thuty-eight samples of opium, published by M Adrian, 
showed a propoition of moiphlne exceeding 7 pel cent m all hut two eases, 
the aveiage being 10 pel cent The naiootme averaged 2 5 poi cent , but 
bora little relation to the pioportion of moiphlne A sample showing only 
3 87 per cent of morphine contained 3 46 of narcotine, while other samples 
contained ovei 10 pel cent of moiphme ,and only the same percentage of 
narco tme This vainvtion is doubtless tho leason why some samples of opium 
cause little or no headache and others occasion very disagieeable symptoms, 

1 Narceine often ocems more abundantly than thebame 
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Meconm may be readily orybtallised from boiling water, m which 
it is moderately soluble 

The meconm contained in opium, m which it exists in the pro- 
portion of less than 1 per cent, is probably a decomposition -product 
of narcotme, from which base it may be prepared by heating with 
nitric acid 

Meconm is extracted fiom its acidulated aqueous solution by 
agitation with benzeue, chloroform, or amykc alcohol, the first- 
named solvent being pieferable Meconm dissolves m concentrated 
sulphuric acid, without at first producing any coloration , but the 
solution gradually assumes a greenish tmt, changing to reddish in 
the couise of twenty-four hours If the liquid he then waimed, 
the colour changes to emerald-green, blue, and purple, finally 
becoming red. The shades and order of the colours obtained 
depend much on the pioportion of acid used, the tints being bluer 
aud the leaction more delicate with a small quantify. Evaporated 
with slightly diluted sulphuric acid, meconm gives a gieen coloia- 
tion In concentrated hydrochloric acid it dissolves without 
change of colour, even on heating. If meconm he dissolved in 
strong sulphuric acid and a minute fragment of potassium nitrate 
added, a yellow coloration is obtained, lapidly changing to a fine 
scarlet, which fades slowly and is changed to yellow on heating. 
The reaction is delicate 

An aqueous solution of meconm gives precipitates of characteristic 
microscopic appeaiance with iodised potassium iodide and a solu- 
tion of bromine m kydrobromic acid (T G W o r m 1 e y) 

Meconoisin, C 8 H 10 O 2 , was obtained in brown, leaf-like crystal- 
line masses from the mother-liquois left on the isolation of meconm 
When puie it is colouiless, fieely soluble in alcohol, ether, and hot 
water, fuses at 88°, and on evaporation with somewhat diluted 
sulphuric acid yields a red colour, changing to purple 

Opionin, according to H e a s e, is contained m small quantities 
m Smyrna opium. It foims white needles which melt at 227° 
and contain no nitrogen. It is insoluble m water, but dissolves in 
alkalies, alcohol, and ether When boiled with milk of lime, 
opionin is decomposed, an acid being formed which is freely soluble 
m water and ether, and gives a bulky precipitate with lead acetate 
m alkaline solutions. 

Meconio Acid, C 7 H 4 O r = C 6 H0 2 (OH).(CO OH; 2 This sub- 
stance is characteristic of opium, in which it exists chiefly in com- 
bination with the alkaloids, hut sometimes a portion of it appears 
to he present m a free state. 

Meconic acid may he prepaied from opium by piecipitatmg the 
neutralised aqueous solution of the drug with calcium chloride, 
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filtering, and decomposing the piecipitate of calcium meconate by 
repeated treatment -with warm diluted hydrochloric acid A pre- 
ferable plan is to precipitate the aqueous solution of opium with 
neutral lead acetate, filter, suspend the precipitate m water, and 
decompose it with a stream of sulphuretted hydrogen The filtered 
and concentrated solution deposits mecomc acid on addition of 
hydrochloric acid. The product may be purified by re-solution in 
hot water, cooling, and adding hydrochloric acid Mecomc acid 
may also he conveniently prepared by precipitating it as the 
calcium salt, decomposing this with a slight excess of oxalic acid, 
filtering, and concentrating 

Mecomc acid crystallises m micaceous scales or small rhombic 
prisms containing 3 aqua On being heated to 100°, it loses its 
water of crystallisation and leaves a white effloresced mass At 
120° 0. it splits up into carbon dioxide and comenic acid, 
C a H 4 0 6 , which at a higher temperature again loses carbon dioxide, 
andformspyromeconicaoid, C 6 H 4 0 3 1 Comenic acid is but 
sparingly soluble m hot, and is almost insoluble m cold water. 
In absolute alcohol it is quite insoluble Mecomc acid dissolves 
m 116 pints of cold, or '4 paits of boiling water, its solubility 
in the cold is diminished by addition of liydrochlorio acid, which 
therefoie causes a precipitate in stiong solutions When the solu- 
tion of mecomc acid is boiled for some time, especially if hydro- 
ohlolic acid be present, comenic acid is formed, and ciystalhses 
out as the liquid cools The aqueous solution of mecomc acid has 
a sour astringent taste, and strongly acid reaction 

Meoomc acid is freely soluble m alcohol (distinction from 
comenic acid) and is deposited m fine crystals on spontaneous 
evaporation of the solution It is much less readily soluble in 
ether and is almost wholly insoluble m chloroform 

Nitric acid readily acts on mecomc acid, much oxalic acid 
being foimed 

Mecomc acid derives its chief analytical interest from the fact 
that it is stnctly peculiar to opium and its preparations, and hence 

1 The relationship between these three bodies appeals to ho as follows : — 

1 OH (OH f OH 

CjHOj CO OH C„H0 2 \ H C s HO a 4 H 

(CO OH (COOH (H 

Mecoulo add Oomenio acid Pyromeoonlo odd 

0 omen ic acid forms prisms, lammee oi grannies, insoluble m alcohol, 
soluble m 10 parts of boiling water, but deposited on cooling 

Pyromecouic or pyrocomemo acid contains no oarboxyl-group, and its 
acid characters are veiy feebly maiked It crystallises m pnsms, is readily 
soluble in uatei and alcohol, melts at 117°, and boils at 227°, but sublimes 
Slowly at tbo ordinary temperature and readily at 100° 

YOU HI PART II T 
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its positive detection is a decided pi oof of the presence of a 
preparation of opium It is not poisonous 

The microscopic appearance of the precipitates produced m 
not too dilute solutions of niecome acid or soluble meconates by 
bamim chlonde, calcium chloride, potassium ferrocyamde, and 
hydrochlunc acid are highly characteristic 

The most characteristic reaction of meccano acid is the forma- 
tion of a deep purplish red coloration on adding feme chloride to 
the solution of mecomc acid or a meconato The shade of colour 
is distinctly different fiom that of the feme acetate or formate, 
and the feme meconate also differs from these m n<jt being leadily 
destioyed by boiling, or by adding cold dilute hydrochloric acid, 
and from the ferric thiocyanate m being unaffected ou addition of 
mercuric chloride or aunc clilonde 1 If any doubt exist as to the 
presence of an acetate, it is desuable to piecipitate the neutiahsed 
solution with mtiate or neutral acetate of lead, wash the piecipi- 
tated lead meconate tlioioughly, suspend it in. watei, and decompose 
it with sulpliuietted hydrdgen After evaporating the filtered 
liquid at a gentle beat to drive off the excess of sulphuretted 
hydrogen, the test with feme chlonde may be safely applied 
Instead of adding feme chloride to the solution of mecomc acid, 
the reagent may be applied to the solid substance, as obtained by 
the evaporation of its aqueous or etheieal solution 

The red coloiation pioduced by mecomc acid and a ferric salt 
is much weakened by oxalic and phosphoric acids, and still more 
so by metapliosphoric acid 

Comenic and pyiomecomc acids also stake a red coloiation with 
ferric chlonde, hut with tho lattei acid the colour is less deep 
Mecomc and may be extracted fiom its acidulated solutions 
by agitation with ethei, a property which enables it to be readily 
separated from moiphnie, acetic acid, tannin, and other substances 
liable to mteifeie with the observance of its leaction with femo 
chloride The extraction is not peifect, even when several times 
repeated, and hence the method cannot be employed for quantita- 
tive puiposes 

Mecomc acid may be determined by converting it into a lead salt, 
or colorimetncally by ferric chloride, by comparing the depth of tint 
pioduced by the sample with that obtamed by tieatment with a 
known quantity of opium Very fan approximate estimations of 
mecomc acid, and less accurately of opium, may he made m this way, 
even when the quantity of material at disposal is very insignificant. 
Three of the atoms of hydiogen m mecomc acid are replaceable 
1 Thiocyanates (sulphocyamdes) exist in sensible quantity in the saliva 
(and hence m the contents of the stomach) and also m white mustard. 
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by metals, but recent researches have shown, that the acul is, pio- 
perly speaking, dibasic, only two carboxyl groups, CO OH , being 
present The third atom of hydrogen belongs to hydroxyl, and when 
this is replaced by metals basic salts of a yellow colour lesult 
The metallic meconates are mostly insoluble m water, except the 
meconates of the alkali-metals They are nearly all insoluble in 
alcohol, and are but slightly affected by acetic acid. The salts 
having two atoms of basic hydrogen replaced by metals are neutral 
to litmus paper 

Acid Calcium Mecomle, CaH 2 [C 7 H(OH)O c ] 2 , is precipitated as 
a sparingly soluble salt of characteristic microscopic appearance 
on adding calcium cliloiide to not too dilute a solution of 
mecome acid or a soluble meconate In presence of free ammonia, 
less soluble, yellow, dicalcic meconate, Ca 2 [C 7 H(0H)0 8 ] ai is piecipi- 
tated On treating either of these salts with hot dilute hydrochloric 
acid, mu conic acid ciystalhses out on cooling 

lion Meconates Ferrous meconate is a colourless, very 
soluble salt, which turns led on exposure to au. F e r 1 i c meconate 
exists m the purple-ied liquid pioduced on adding a feme salt to 
a soluble meconate 

Lead Meconate is obtained by precipitating meconic acid or a 
meconate (or an aqueous solution of opium) with neutral acetato 
of lead The tnplumbic meconate is stated to be formed even in 
presence of excess of meconic acid, but it is more probably 
a mixture or compound of the normal meconate, PbC 7 H 2 0 7 , with 
lead hydroxide. The precipitate is quite insoluble m cold and 
boiling water, and is not affected by acetic acid 

Morphine Meconate has already been described (page 31 3) 
Action of Solvents on Opium 

The action of diffeient solvents and leagents on opium and its 
constituents is shortly as follows — 

Water dissolves meconic acid readily, as also sulphate, meconate, 
and acetate of moiphme The morphine is veiy spanngly soluble 
m cold water, and narcotme still less so Natceme is much more 
soluble than morphine, while the resin, caoutchouc, &c., are 
insoluble, though certain gummy matters pass into solution 

Alcohol dissolves fiee morphine as well as the acetate and 
meconate The other alkaloids of opium, as also the resm and 
caoutchouc, are dissolved by alcohol 

Amylic alcohol dissolves' all the alkaloids of opium, if m a free 
state The lesm also is slightly soluble m amylic alcohol 

Ether, benzene, and carbon disulphide dissolve only about '05 per 
cent, of free moiphme, hut the other free alkaloids of opium more 
readdy. These solvents also dissolve the caoutchouc, but not the resin 
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Adds dissolve all the alkaloids from opium, together with a 
resmoid substance 

Fixed alkalies, used m excess, dissolve morphine freely, while 
narcotine remains insoluble Lime water dissolves morphine, but 
is a solvent for naxcotme only m presence of morphine The resm 
of opium is partly soluble m alkalies 

Ammonia dissolves morphine sparingly, narceine and codeine 
readily, while the other alkaloids and the resm of opium are 
insoluble 

From the foregoing statements, the arrangement of which is 
mostly due to E L. Cleavei ( Year-Book Fharm ,1876, page 602), 
it follows that an aqueous solution of opium will contain sulphate 
and meconate of morphine and other alkaloids, calcium salts, 
meconic acid, extractives, and resmous matter 

An alcoholic solution will contain, m addition to the above, free 
narcotme, caoutchouc, fat, and resin 

Opium which has been exhausted with watei still retains a 
bitter taste, but this is piobably due to narcotme, as it is removed 
by carbon disulphide, benzene, or etliei, m which morphia and its 
salts are insoluble Water, even when cold, may be trusted to 
dissolve the whole of the morphine fioni opium, if the resultant 
solution be distinctly acid In some piocesses of assaying opium, 
the sample is subjected to a preliminary treatment with benzene, 
chloi'ojoi m or ether to lemove narcotme, caoutchouc, and colouring 
matter (see page 349) Ey this means the subsequent exhaustion 
with water is much facilitated, and a puier solution of morphine is 
obtained In piesence of much narcotme, morphine is soluble m 
benzene, but this is not true of the sulphate, meconate, or other salts 
of morphine Hence there is no loss of morphine on extracting 
opium with benzene. Meconate of moiphme is, however, freely 
soluble m a mixture of alcohol and chloroform , but the simultaneous 
presence of ether prevents its solution more or less completely 
Adulterations and Assay op Opium 

Opium is liable to a variety of adulterations, some of which are. 
of a very gross kind Sand, clay, ashes, stones, shot, bullets, lead 
turnings and other make-weights are occasionally met with Sugar, 
gum trngacanth, pulp of apricots and figs, pounded poppy-capsules, 
and other vegetable substances of a saccharine, mucilaginous, and 
resinous natuie are also employed. Aqueous extracts of poppies 
and of Qlaudum luteum aie said to be sometimes added in Turkey, 
though rarely if ever seen in the opium imported into England. 
Such adulterants are indicated by the daiker coloui and hygroscopic 
character of the product, by the difficulty in filtering the solution, 
and by the continuous streak which the sample leaves when drawn. 
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across a sheet of paper, whereas good opium makes an intermpted 
mark 

The proportion of ash yielded by opium should not exceed 8 per 
cent The proportion of water m opium aveiages about 20 per cent , 
the usual range being from 15 to 28 pei cent It is best determined 
by taking a known weight of the opium in thin slices, apd noting 
the weight on drying at 100° C 

The extract of opium is determined by exhausting the dried 
sample with cold water, and collecting, drying, and weighing the 
lesidue, or evaporating the whole or an aliquot part of the solu- 
tion to dryness, and weighing tho extractive matter left Should 
the insoluble residue exceed 40 to 45 pei cent of the dried sample 
(equal to a hmnmum of 55 pei cent of extract), the presence of 
sand, clay, or other insoluble (mineral) adulterants is probable, 
while if the residue is below this propoition the presence of sugar, 
gum, or other soluble impuiity is indicated 1 

1 According to Hanbnry and FI U ck lge r, dried opium fiom Asia Minor 
should yield from 56 to 66 pei cent —generally more than 60— of exti active 
mattei soluble in cold water, the propoition of extract fiom Indian opium 
being fiom 60 to 68 pei cent 

The following are determinations by D B. Dott ( Year Book Phai m , 1870, 
page 498) of the leading constituents of eighteen samples of opium, purchased 
from druggists of good standing m London, Dublin, and EdinbmgU The 
aqueous extract was determined by subtracting the smn of the water and 
insoluble matter fiom 100 00 The proportion of moiplua calculated on 
the dned opium aveinged 11 06 pei cent The pioportion of raoiphia m the 
diy extract was 18 8 per cent (compare page 860 ) 


| Pei ceu tose Composition | 

Percentage of 

Description or upium 

Water 

insol B-sslOue 

(hydrated) 

1 Turkey. 19 6 

32 00 47 80 

10 76 

2 „ . 20 0 

S „ . 260 

28 85 51 16 

25 96 48 06 

12 80 

3.0 20 

6 ”, ' 22 0 

80 96 47 06 

0 00 


26 46 60 16 

12% 

8 ” 20 4 

84 20 45 40 

12 80 

10 " . . 21-2 

3S 80 40 '00 

9 80 

12. ” 812 

47 90 20*90 


16 ” ' 160 

27 40 00 30 

8 60 

18 Maliva, 16 2 

24 10 60 70 

780 

18. Egyptian, . 14 8 

28 30 56 00 

7 00 ' 

Average, 10 70 

| 20 86 60 44 

888 
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Hager recommends the following additional tests for the 
piuity of opium • — 25 grains weight of the pievioitsly dried 
sample is triturated with half an ounce of boiling watei, when the 
formation of a stiff paste will indicate the presence of starch, flour, 
gum, &c 2 ounces of water should next be added and the liquid 
filtered If tliB filtrate he biown or of a deeper colour than 
“ wine-yellow,” the presence of liquorice or Dthcr vegetable 
extracts is probable The liquid should have an acid reaction, or 
admixture with chalk, lithaige, or ashes may he suspected. The 
liquid should give no reaction with potassium ferrocyanide (heavy 
metals), and if evapoialed to one ounce and treated with twice its 
measure of alcohol no precipitate should be pioduced (indicative of 
adulteration with gum or ceitain salts) 

Ou agitating powdeied opium with chlovofovm, any starch or 
mineral adulterants will settle out, and may he weighed and 
further examined miuioscopically and chemically 

"When moist, opium is very liable to becomo mouldy, and hence 
should he dued at a moderate tempciatuie and caiefully pieserved 
from the air. If kept m a damp condition, fungoid growths soon 
make their appearance, and gradually dimmish and destioy the 
aroma of the opium, besides materially reducing its alkuloidal valuo 
Determination op Morphine in Opium. MoiiPHioMET.nr, 

By far the most important item in the examination of opium is 
the determination of the morphine present The proportion of 
this constituent vanes considerably, as already stated ; but dried 
and powdered opium intended foi medicinal use should not assay 
leas than 10 per cent 1 This is the limit of the Geiman and 
Austrian Pharmacopoeias, while that of the United States allows 
the range of 12 to 16 pei cent, any ucher opium to be reduced 
Within theso limits by mixing it with an aiticle of lower grade m 
proper proportion. According to the German and United States 
Pharmacopoeias, opium m its normal moist condition should yield 
not less than 9 per cent of morphine The British Pharmacopoeia 
of 18G7 allowed a range of 6 to 8 per cent., hut m the edition of 
1885 the assay is dnected to he made on the dned substance, 
the yield of morphine to be between and 10jj percent 2 3 

1 The difficulty caused by the natural venations m the quality of opium is 

Well met by a prooess patented by B S Prootor, who l amoves the greater 
pai t of the fatty and resinous matters and the worthless naicotmo, and reduces 
tlio opium to a uniform rectified condition, in wluoli it oontams 10 pel oent, of 
unoiplnne 

3 “This standaid is ridiculously low, and will have the effect of depriving 
medicine of all the heat opium that leaohes this countiy This standard is 
about equal to that of the last Phaimacopoeia , but then theie was no maxi- 
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The assay of opium for morplune has received much attention, 
the investigators being very numerous and the bibliography very 
extensive The accurate determination of morphine in opium is 
attended with peculiar difficulties, and many of the processes which 
have been published give little better than rough approximations 
to the truth, especially when employed for the assay of abnormal 
samples 1 Of the many methods proposed, the following are among 
the heat — 

British Pharmacopoeia Process 2 — This method of assay is based 
on — the conversion of the resinous matters of opium into msoluble 
lime compounds, the decomposition of the moiphuie meconate 
with formation of msoluble calcium meconate , the solubility of 
the resultant free moiphme m lime-water, the decomposition of 
the solution by ammonium chloride, with formation of calcium 
chloride, ammonia, and free morphine , the use of alcohol to dis- 
solve impurities, and of ether to promoto the crystallisation of the 
alkaloid , and the collection, washing, and weighing of the morphine 
thus obtained The following are the details of the piocess as laid 
down m the Bntish Pharmacopoeia of 1885 — 

“Take of powdered opium, dried at 212° P ( = 100° G), 140 
grains , lime, freshly slaked, 60 grains , chloride of ammonium, 
40 grams , rectified spirit, ether, distilled water, of each a suffici- 
ency, Triturate together the opium, lime, and 400 gram-measures 
of distilled water in a mortar until a uniform mixture results, then 
add 1 000 gram-measures of distilled water, and stir occasionally 
dunng half an hour. Filter the mixture through a plaited filter 
about 3 inches m diameter into a wide-mouthed bottle or stoppered 

mum standard given. 'It is 'all very well to standardise pi eparations, but, I 
think, it Is going too fai when we attempt it with natural pioduots , hut if we 
ai e to have a maximum and minimum standard for opium, let it be one which 
will include the host and exclude the mfeuoi and adulterated kinds, instead 
of the reverse, as now obtains To attain this it would be necessaiy to raise 
the standard at least 2 pei oent "—(Michael Conroy, Phm m Join , [8], 
xvi 378 ) 

1 The sampling of opium for the purpose of analysis is not always an easy 
operation, and is not conducted on a uniform plan. J B Nagelwoort 
recommends that a small slice should be cut by a knife fiom the uitenoi ol 
each lump of the lot, these pieces mixed tngetliei, and 10 grammes taken for 
the determination of moistuie The remaindei is dued, pulverised, and the 
lesidual moistuie and morphine determined m it 

2 This method was oiigmally devised by Poi tea and Langlois {Ohm 
News xlv 67), and with slight alterations was adopted l>y the Socidt^ do 
Pharmaoie of Pons, and made official in the United States Pharmacopoeia of 
1880. It was further improved by M, Comoy ( Pharm . Jam , [3], xy. 473), 
and adopted as the official test in the British Pharmaoopceia of 1885. 
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flask (having the capacity of about six fluid ounces, and marked at 
exactly 1040 gram-measures) until the filtrate reaches this mark 1 
To the filtered liquid (representing 100 grains of opupn) add 110 
grain-measures of rectified spirit, and 500 giam-measures of ether, 
and shake the mixture , then add the chloride of ammonium, shake 
■well and frequently duiing half an hour, and set it aside for twelve 
horns. 2 3 Counterbalance two small filters, place one within the 
other m a small funnel, and decant the ethereal layei as completely 
as practicable upon the inner filter Add 200 grain-measures of 
ether to the contents of the bottle and rotate it , again decant the 
etheieal layer upon the filter, and afterwaids wash the lattei with 
100 gram-measures of ether added slowly and m portions. Now, 
let the filter dry m the air, and pour upon it the liquid m the 
■ bottle in portions, in such a way os to transfer the greater poitinn 
of the crystals to the filter When the fluid has passed through 
the filter, wash the bottle and transfer the remaining crystals to the 
filter, with several small portions of distilled water, using not much 
more than 200 gram-measures m all, and distributing the portions 
evenly upon the filter. Allow the filter to dram, and dry it, first 
by piessmg between sheets of bibulous papei, and afterwards at a 
temperature between 131° and 140° N (55° and 60° C), and 
finally at 194° to 212° F (90° to 100° C). Weigh the crystals 
in the inner filter, counterbalancing by the outer filter The 
crystals should weigh 10 giams, or not less than 9J, and not more 
than 10| grams, corresponding to about 10 pei cent of morphine 
m the ihy, powdeied opium” 

The skilled chemist will find abundant oppoitumty for im- 
proving on the method of manipulation piescnbed m the above 
process lie will probably substitute then equivalents m grammes 
and centimetres for the weighed and measured grams prescribed , 
but he will, m practice, find it advantageous to increase the 
weights of opium and lime taken to 10 grammes and 5 grammes 
respectively, and the measure of the water to 100 c.c 52 c c 
of the filtrate will then represent 5 grammes of the opium, and 
the delay, consequent on collecting so large a poition as j of the 

1 The additional 40 grain-measures is intended as on allowance for the aver, 

age mciease in tlia volume of the liquid caused by the extractive matter of the 
opium 

3 “ The use of an excess of othei, much beyond ether saturation, ao as to 
cause an etheieal layer to use above tlio crystallising liquid, along With the 
fiequent sinking up of the ethei with the aqueous liquid m the closed flask 
diumg ciystiillisations, marks an important advance in opium assay ” — (A, £ 
Pr e s o o t tf j The practice has been adopted in all leoent methods of assaying 
opium. 
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liquid, will be avoided 1 A leas clumsy means will be adopted for 
measuring the exact quantity of the filtrate required than that of 
relying on a mark made on the side of a 6 oz bottle, oi the broad 
part of a flask , and the ethereal layer will be removed by some 
form of pipette instead of attempting to decant it on the filter. 

The B P. process for the assay of opium is tolerably simple 
and rapid, and when caiefully executed, gives ' fairly constant 
results. As suggested by Conroy, and proved by Biaithwaite 
and Parr, the time allowed' for precipitation of the morphine may 
be reduced from twelve hours to two without affecting the accuracy 
of the results, but it is safei to allow six or eight hours to elapse 
before filtering It would be a fiutber rmpiovement to direct that 
the alkaloid should be titrated instead of being weighed 2 Tina 
would be a guarantee of the true nature and punty of the pre- 
cipitate, and would save the tune lequired for, and uncertamty 
attaching to, the drying of the alkaloid 

The lesults yielded by the B.P process of assaying opium are 
seriously below the truth, a fact ignored by the editors, although 
pointed out by M. Conroy, whose process it practically is 3 

Braithwaite and Parr (. Pliarrn Jour, [3], xvu. 398) 
confirm Conroy’s view, and state that the morphine left in solution 
is about 1 per cent of the opium But they point out that the 
precipitate contains an average of 7 pei cent of colouring matter 

1 M Gonroy states that, by reducing the quantities of opium and water 
recommended by him, the editors of the Pharmacopoeia have deprived the 
pioeess of one of its chief merits, with the consequence that the 1040 gram- 
measuies of filtrate required can only he obtained at the sacrifice of much 
time A 0 Abraham {Pimm. Joivr , [3], xvi 880) endoises this view 
holding that "for the sake of saving a few giains of opium, a simple and quick 
pioeess had been lendeved most tedious The standard of 10 pei cent was, 
moreover, so low that he had not yet succeeded in getting any genuine Tuikey 
opium bad enough to stand it ” (Poi the reply of the editor (J Attfield) 
to these and other damaging criticisms, see Pham Joui , [3], xvi 470 ) 

3 Titration of the pi ecipitated morphine was directed by Portes and 
Langlois, the original proposals of the method {Jour Pharm el Qheme, 
November 1881) 

8 According to the Pharmacopoeia, fiom 9£ to 10J glams at eiystals should 
he actually obtained, “coriespondmg to about ten pei cent of morphine m 
the dried paw deled opium," a statement which is mateiially maoeurate 
Conroy found, m test-pxperrments on 10 giains of pure moiphme, 9 Ofi, 
9 02, and 9 06 grams were leooveied, thus showing a notable but almost 
constant loss The loss when an aqueous extiact of opium is operated on, 
instead of a pine solution of morphine, is still greater, probably ranging fiom 
1 to 1J per cent Hence a yield of 9J to 10J per cent of iqoiplnne, by 
the B P pioeess, not improbably corresponds to about 11J p)jr cent of 
moiphme actually present, 
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as impurity, anti lienee, m assaying an opium containing 14 to 15 
per cent of moiphmo, tlie enoi from this cause approximately 
balances that due to imperfect precipitation 1 On. dissolving tlie 
impure morplime in lime-water, a laige proportion of the colouring 
matter is left m the filter, and on extractuig the solution with ammo- 
nium ehlonde, alcohol and ether, as in the B P process, the rest of 
the colouring matter remains m solution, and the reprecipitated 
morphine is obtained almost white But there is a serious loss 
(10 pei cent of the weight) through solubility of the precipitate 
J Denham Smith ( Ghem News, 1 vn. 93, 103) obtained . 
by the BP. process, in five experiments, results xangmg^fiom 
9 4 to 9 6 per cent , a sixth experiment giving 10 5 per cShJ. 
the true amount of morphine present being stated at 112 pcr""*\ 
cent , which was obtained by a process giving exceptionally high 
results (page 347) Snath distrusts the use of lnne os open to many 
objections, and this opinion is shared by E Williams 2 * * * * * (Ghent 
News, lvu 134), who gives the following results obtained from 
four samples of opium when assayed by the processes of the 
British, American, and German Pharmacopoeias respectively 



In each case the German process gave the lowest result, 8 and 
the American the highest, except m the case of Mb 4 sample 


1 Dott considers 7 pei cent of impuuty excessive, and thinks 8 to B par 

cent would be noaioi tko tiutli 

8 Notwithstanding this, D B Dott ( J’harm Joni , [8], xix 83) considers 

that the employment of lime “has much to he said m its favour It gives 

a purer solution of moiplnne than can he obtained hy any otliei single opeia- 

tion, and besides eliminates neaily all possible adulteiants The morphine 

piccipitated by the ammonium ehlonde is usually lemaikably pure, wo might 
say always if the opium is genuine Samples me, however, occasion ally mot 
with which yield with the ehlonde of ammonium a caitam amount of 
floccnlont pieeipitate along with the morphine. In such oases it is pre- 
eminently necessary to apply the titiution with standaid acid Theie can 
bo no doubt that the oditoia ot tho Pharmacopceia ought to have allowed for 
the inevitable loss of moipluno in the mother waters, especially when any 
other tmstwoithy method is peimitted ” 

8 Various obseivers agiee that the results ohtauied hy the German method 
of assay ore at least 2 per cent, below the tiuth, and the moiphme not always 
pure ( Pham Jour., [3], xiv 845) 
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The yield of moiphme obtained by tbe B.P process ought to 
be corrected by a definite allowance, but a moie satisfactory plan 
would be to prescribe a method by which the remaining alkaloid 
could be lecoveied if desired This might probably be ap- 
proximately effected by agitating the waim ainmbniacal filtrate 
with amyke alcohol, and separating and evaporatmg'the solvent. 

United States Pharmacopoeia Process — As already stated, the 
method of opium assay prescribed by the British Pharmacopoeia 
is a modification of that pieviously ' adopted m America The 
latter differs from the B P process chiefly m pie&cnbing the use 
of a larger proportion of ammonium chloride. Tins is a distinct 
disadvantage as tendmg to retain morphine m solution, a fact 
pointed out by M Conroy, and confirmed by TV rain - 
pelmoier and Memert 1 

Method of Teschemaclier and Denham Smith — These chemists 
have examined most of the published methods of assaying opium 
(Glmn News, lvu 93, 103), and have found them wanting m one 
or more respects They reject methods m which the precipitation 
of the morphine is effected m presence of moie than a very limited 
amount of alcohol (e.g , Fluckiger’s oldei methods) as likely .to 
yield low results, though a very pure product , they object to the 
use of lime (as m the B P product) as causing the product to he 
coloured, and. being open to other objections , and they strongly 
advocate the titration of the morphine isolated, instead of determining 
it gravim eternally All these objections are well founded, though 
scarcely so vital as they are regarded by the authors, who, however, 
have described a method of assay which, on the whole, is probably 
the best hitherto published 2 The process they lecommend is 

1 These latter chemists calculated the amount of ammonium chloride which 
would remain m excess, and free ammonia which would be produced m the 
reaction, aud ascertained then solvent action on moiphme , hut the correction 
logically based on. then lesnlts would he Beuoualy m excess ol tha actual loss 
of morphine m piactaoe. H. Lloyd haa proposed to coireet the results ob- 
tained by the U S process by adding 6 per cent to the amount of moiphine 
(or multiplying it by 1 051, and making an additional conection of 1 per cent 
to the moiplune thns found Thus, if 9 0 pel cent of moiphme be actually 
recovered, accoidmg to H Lloyd, the true amount piosent is 9 0x1 05 + 1 0 
= 10 46 per cent Similaily, H Goebel (Jour (them Soc. , hi 869) le- 
commends an allowanoo of 0 001 giamme foi each o c ot lupioi and washing, 
aud points out certam defects m tho U S process which may bo overcome by 
modified manipulation. 

a This vibw is confirmed by D B Dott, who operates as follows: — 10- 
giammes weight of the powdered opium is exhausted with pioof spurt, one «.r 
two drops of ammonium oxalate aie added, and then ammonia, until the spn it 
is only abghtly aoid. The liquid is then evaporated to one-thud, allowed to 
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founded on one originally devised byProllius and modified by 
F. A Flnckiger (Archil) dei Pimm, [3], xxvi) It was then 
materially improved by E R, Squibb (Ephaneris, 1 14), and 
again further modified by C. M Stillwell ( Qhem News, lv. 
41, 64) The following are the details of the process as prescribed 
by Teschemacher and Smith — 200 grams weight of opium is 
thoroughly exhausted with waim distilled water, 1 and the liquid 
filtered The aqueous extract is concentrated to a tlnn syrup in a 
shallow dish, over a water-bath, which by preference should not 
boil. The syrup is transferred to a suitable flask, and the dish 
washed out with a few diops of water To the contents of the 
flask aie added 50 fluid giams of alcohol (specific gravity 820) 
and about 600 fluid grams of ether A soft coik is mseitedand 
the contents of the flask mixed gently but thoroughly, after which 
60 fluid grams of ammonia (specific gravity 936) should be added 
The flask is then well shaken to precipitate the alkaloid in arena- 
ceous ciystak, and occasionally agitated during the ensuing eighteen 
hours The contents of the flask are then tiansferred to a vacuum- 
filter, and when all the adherent liquid is diawn out the crystalline 
precipitate is washed with ‘‘morphiated spirit" 2 until the liquid 
passes through colourless It is then washed with “ morphiated 
vv ater ” 2 until this also passes colourless. The pieoipitate is then 
dried, at first slowly and afteiwards at 100° O The diied sub- 
stance is then finely powdered and digested thoroughly m benzene 
to dissolve tlie narcotine and such other opium alkaloids as may he 
piesent m addition to moiphine 3 The liquid is filtered and the 
cool, and filtered The flltiftta is ooncontratod to about See, transfeirad to 
a small flask, and the capsule washed with 4 c o of water and 8 of methylated 
splint Next odd 2 2 o.c of ammonia solution (sp gr, 060) and 25 o o of 
other, and agitato Aftei 18 hours, decant the ethei as completely as possible, 
receive the aqueous liquid on a countei poised filtei, wash with morphiated 
watei, dry, wash with benzene, dry, weigh, aud titiate the wholu or a poitiou 
with decmormal sulphuno acid (Thaim, Join , [3], xxn 746) 

1 Rowland Williams digests with cold water foi twelve to fourteen horn's, 
and claims to obtain a cleaner solution than when warm watei is used. 

J The 1 1 Mot phiated Spirit” is made by mixing 1 measure of ammonia 
(specific giavity 880) with 20 of methylated spmt, and digesting in the liquid 
a large excess of powdered morphine foi several days, With frequent agitation 
The hlteied liquid contains 0 83 per cent, of morphia. "Morphiated Watei ” 
is made by agitating cold watei with excess of morphme, and filtering after 
twenty-foui hours The filtrate oontams 0 04 poi cout. of alkaloid 
’ Seeing that the morphine is ultimately determined by titration, that nar- 
cotme, naieeme, and papavemie have no action on litmus, and that codeine 
is soluble in 80 parts of cold water and leadily soluble m alcohol and ether, 
the prescribed treatment with benzono in oidei to remove these alkaloids 
seems superfluous When the moiplnne is to be weighed, it would probably 
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precipitate further thoroughly washed with benzene The residue 
will consist of morphine “free from other opium alkaloids and 
naicotme, but still containing colouring and possibly other 
organic matters to the extent of 3 to 10 per cent ” (of its weight) 
The powder is dned, weighed, and titrated with litmus and a 
standaid hydrochloric acid, prepared so that 1000 grains by 
weight will exactly neutralise 100 grains of pure morphine crystal- 
lised from water, washed with ethei, and gently dried at 100° C 
FlucLiqe i ’e process F A Tluckiger has devoted much atteutiou 
to the assay of opium, his most recent method (Aichiv Pharm, 
[3], xxvii. 721, 769 , Pharm Jour , [3],xx 588) being asfollows 
— 8 grammes weight of powdered opium is placed m a plaited filter, 
and dried at 100° for half an houi It is then treated with 20 c c. 
of a mixture of equal measures of ether and chlorofoim, and when 
this has run through, with 10 cc of nnmixed chloroform The 
filter and its contents are then dried at a gentle heat, and the 
powder vigorously and repeatedly shaken m a flask with 80 o c 
of water to which 0 2 gramme of ammonium oxalate has been 
added Aftei two hours the liquid is passed through a dry filtei, 
and 42 5 grammes of the filtrate (=4 grammes of sample) treated 
m a small tarcd flask with 7|- cc of rectified spirit, 15 cc. of 
ether, and 1 o c of ammonia (specific gravity 0 96) The mixture 
is frequently shaken during six hours, after which the liquid is 
poured on a double filter, the flask rinsed with 10 c c of water or 
morphiated water, and the rinsing used to wash the filter The 
preoipitate and inner filter are dried at 100°, returned to the dried, 
flask, and the whole further heated to 100° till constant, the outer 
filter being used as a counterpoise The foregomg process would 
be materially improved and shortened by titrating the dried mor- 
phine instead of weighmg it on a counterpoised filter, and its 
accuracy increased by reducing the quantities of liquid used J B 
Hagelvoort (Pharm, Jour , [3], xxi 598) has slightly modi- 
fied the above method, winch he commends very highly, foi 
the assay alike of opium and its galenical preparations He found 
the isolated alkaloid to he completely soluble in 100 parts of 
lime-water to a clear, colourless solution, whereas the “morphine” 
obtained by Squibb’s and Stillwell’s modifications of Tlitckiger’s 
former process contained from 10 to 20 per cent of impurities 1 

be better to wash with moiphiated spirit only, and when it is to be titrated to 
omit this tieatment and wash it at once with benzene 
1 If naicotme be present it is left as a crystalline residue on tieatmg the 
alkaloid with lime-water Pergei has piopoaed to purify morphine by dis- 
solving it with ddute acetic acid and adding potassium, feuocyamde, filtering, 
and piecipitatmg the moiphine from the hllrate hy ammonia 
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L. Kief for, m 1857, described a volumetric process ofi 
assaying opium, based on the reaction of the moiphme with 
potassium famcyamde, reaction of the excess of this salt with 
potassium iodide, and titration of the liberated iodine with standard 
thiosulphate ( Annal Chum Phann., cm. 280) A limited number 
of experiments made m the author's laboratory on Kieffer’s process 
have not yielded encouraging results 

Extract op Opium, BE, is made by exhausting the opium 
with cold water, straining, and evaporating the liquid to half the 
weight of the opium used It has a pilular consistency, 1 * and is 
said to yield about 20 per cent of morphine when assayed by the 
official test for opium W, P Want ( Pharm Jour , [3], xvi 
959) found by this process from 9 9 to 20 4 per cent of mor- 
phine in six samples of the commercial extract of opium 3 
By the method of the 18G7 Pharmacopana, D B Dott found 
in eleven samples of exliaot, purchased from druggists of good 
standing m London, Dublin and Edinburgh, proportions of 
morphine ranging from 15 4 to 22 8 pur cont, tlio moan being 
19-7. 

Liquid Ext) act of Opium, BP,, is prepared by macerating 
1 ounce of the solid extiact with 16 ounces of water, adding 4 fluid 
ounces of rectified spirit, and filteung. It should contain “22 
grains of the solid extract in nearly 1 fluid ounce.” The specific 
gravity should be between 0 985 and 0 995, and when assayed by 
the process prescribed for opium “ should yield about 1 per cent, of 
moi plane ” 

J, Woodland (Ym 'Book Phann , 1882, p 514) found in ten 
samples of the liquid extract of opium of commerce proportions of 
solid residue ranging from 3 02 to 4 92 per cent, and of mor- 
phine from 019 to 0 37 per cent These determinations were 
made by a modification of Piollius’ method, the accuracy of 
which was demonstrated, D B Dott ( Yeai-Book Pharm, 
1876, 500) found the specific gravity of eleven samples of 
commercial fluid extract to range from 0 985 to 1 000, while 
the proportion of morphine per fluid ounce varied from 1 66 to 
4 51 gxams 

Tingtum op Opium Laudanum For the preparation of this im- 
portant medicine, the Bntish Pharmacopoeia directs to “macerate 
1£ ounces of opium m powder in 1 pint of proof spirit foi 

1 The United States Pharmacopoeia oideis an addition of 6 per oont of 
glyoeiin 

a J, H, HoBeason (Phurni Jour , [3], xix. 764) has pointed out that 

extract of opium is sold by wholesale druggists at a cheaper rate than they can 
purchase the opium for its pieparation 
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seven days in a closed vessel with occasional agitation, then strain, 
press, filter, and add sufficient proof spirit to make one pint It 
contains the soluble matter of 33 grains of the opium, nearly, m 
1 fluid ounce, oi about 3 3 grains of morphine m 1 fluid ounce, or 
about 0 75 per cent of morphine, or about per cent, of bime- 
conate of morphine, 1 besides the other alkaloidal salts of opium” 2 3 
No specific giavity is given, and no method of testing the pie- 
paration is prescribed , hut it is evident that the method employed 
for the assay of opium may he applied, after evaporating off the 
spirit 

W P Want (PJmrm Jom , [3], xvi 959) found the specific 
gravity of six samples of tmctuie of opium piocured fiom leading 
wholesale houses to lange from 931 to 939 The pioportions of 
morphine were estimated (m duplicate) by the official process for 
opium (using about 3 ounces of the tincture), and were found to 
be respectively —3 34, 3 3, 2 6, 3 3, 3 4, and 2 18 grams per 
fluid ounce All six samples weie veiy similai m appearance and 
odour 

J H Hosoason (Phcam Jour , [3], xix 754) has published 
the following results of the examination of oidinary commeicial 
samples of tmctuie of opium • — 

1 This statement of the condition of existence of the moiphine is without 
warrant, and is opposed to the known facts The veiy existence of “ bimo- 
conate of morphine” is doubtful, and a huge pioportion of the moiphme in 

opium, exists as sulphate 

3 The Tinctura Opii of the United States Pharmaooposin (1882) is 
prepared fvom powdeied opium (essaying 12 to 16 pei cent of moiphine) 10 
paits, water 40 parts, alcohol (specific gravity '820) 16 pruts, and sufficient 
dilute alcohol (specific gravity 928) to make the tincture obtained by pcioola- 
tion up to 100 puts All the ingredients aie by weight. 

The Tinditt ct, Opii Simplex ot the German Pharmaoopceia (1890) is 
prepaied from powdoied opium (with 10 per cent or moie of moiphme) 1 pait, 
diluted aloohol (speoific gravity 892 to 896 at 16° C ) 6 parts by weight, and 
watei 6 paits. It has a specific giavity of 974 to 978, and contains, m 100 
giammes, the soluble portion of neaily 10 grammes of opium, or approximately 
1 per cent of morphine 40 grammes when assayed should yield not less than 
0 38 gramme of moiphme 

The coriespondiug piepniation {Tmctma Exti ados Opn) of the French 
Codex (1884) is prepared fiom 10 parts ot extraot of opium (=16 7 ot diy 
opium) containing 10 to 12 per cent, of moiphme, and 120 paits by weight of 
aloohol ot '912 specific gravity 

From these particulars it is evident that the strength of the official 
tlnotmes of opium vaiy consideiably, bqth in alcoholic stiength and the 
proportion of morphine The United States and French preparations aie 
the strongest (in alkaloid), tho Geiman weaker, and the British the most 
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Number 

Speaiflo Gravity, 

Absolute 
cent’bj’ weight 

Boaldue ; gn 
per fluid ounce 

Moiphine , 
gr s pei fluid 


m 

88 

ISA 

86 

2 


40 

17 0 

5 0 

l 

m 

•040 

42 

14 6 

20 

\ 

*060 

87 

17 8 

SO 

8 

060 

86 

13 6 

27 

10 

m 

40 

18 0 

80 

j Avemge, 

955 

88 4 

30* 

28 


Six of the above samples were evidently made with a mixture 
of equal measures of rectified spirit and water, instead of the 
proportion of 6 3, wluoh would yield approximately proof-spint, 

J Woodland {Year -Booh Pimm, 1882, page 514) found 
the solid residue fiom fourteen samples of tmctuie of opium pro- 
cured from both London and provincial chemists to range from 
3 21 to 5 11 per cent ; while the moiphmo (estimated by a modi- 
fication of Prelims’ method) ranged from 0 32 to 0 70 pel cent. 

D. B Dott ( Year-Book Pimm, 1876, page 500) found the 
specific gravity of twelve samples of the commuicml tmctuie of 
opium to range from 922 to 962 , while the crado morphine 
(estimated by a modification of the BP 1867 method, and 
averaging of pure alkaloid) contained m the same specimens, 
and six others (the density of which was not observed), ranged 
fiom 4 37 to 0 65 grams per fluid ounce, the average being 
2-66 

Prom the foregoing published results it is evident that the 
( composition of commercial tincture of opium Vaues to a very 
discreditable extent, both m alcoholic strength and the proportion 
of morphine contained m it. Still greater variations m strength 
are to be found in the tmctuie when purchased under the head 
of “laudanum,” which, however, is now an official synonym for 
tincture of opium 1 

S. J. Hinsdale {Oliem, News, lxu. 77) has described a simple 

1 Several prosecutions have occurred under the Sale of Food and Drugs Act 
for the sale of defective tmctuie of opium. In the case of White v Bywatei, 
it was sold under the official name to the written order of a medical men 
The court accepted the view of the defence, that, as the preparation con- 
tained alcohol, it was a *' tincture , " and that if it contained any opium at 
all it was a “tincture of opium," which, consequently, might he of any 
strength whatever This decision was reversed on appeal to tlio Court of 
Queen's Bench (Marm Jam , [8], xvh 966) 
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method of determining the morphine m tmctnre of opium by 
observing the depth of the blue or green coloration produced on 
treating the sample with a fleshly prepared mixture of fema 
chloride and potassium ferncyanide solutions 

Compound Tincture of Camphor, B F , is the foimal designa- 
tion of the prepaiation popularly known as “Paregouc,” or 
"Paregoric Elixir” These names were adopted as official 
synonyms for compound tincture of camphor m the reprint of the 
British Phaniacopaka of 1885, and hence preparations sold 
under these titles ought now to be strictly of the quality and 
strength of the BP tincture Compound tincture of camphor 
is directed to he prepared with 40 giaius each of opium and 
benzoic acid, 30 grams of camphor, and 30 minims of oil 
of anise , the whole being diluted with proof-spirit to 20 fluid 
ounces. 1 

Much of the paregoric or compound tmetmo of camphor of 
commeice is deficient m one or more of the constituents The 
spirit being the most costly mgiediont, there is a strong induce- 
ment to the vendor to reduce its amount, a practice which is 
objectionable because the prescribed proportion of oil of anise 
cannot he kept in solution m a very weak spirit Sometimes 
only traces of oil of anise are present, m which case the tmctiue 
remains clear when diluted with three or four measuies of water 
The benzoic acid is sometimes deficient m quantity, and occa- 
sionally wholly absent, even m the case of tinctures puichased 
from registered pharmacists The opium is the most important 
constituent of paregoric elixir, and is apt to be deficient m amount 
or quality, besides benig frequently wholly omitted. The last 
practice is due to the fact that preparations of opium cannot he 
legally sold except hy registered pharmacists , and hence a prepara- 
tion destitute of opium is laigely substituted by general shop- 
keepers for the genuine “paregoric” or “compound tmctuie of 
oamphor” sold by the diuggists 2 * * 5 In an instance withm the 
personal experience of the author, the opium of paregoric elixir was 
replaced by henbane Potassium and ammonium bromides 
are extensively used in factitious paiegonc 

The proportion of alcohol m compound tmctuie of camphor is 

1 W D Mason ( Pharm. Jour , [3], xu 896) points out that gieat saving 
of tune and tiouble m maceintion, agitation, filtering, fee , could be 

effected, and a poifectly oleai and blight tincture, praotically the same as 

that of the Pharmacopoeia, obtained, by adding the opium m the foim of a 

ready-made tincture 

5 So-called “paiegono” is vended hy costermongeis in the stieets of 
London 

VOL. IH PART II /i 
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indicate il with appioximate accuracy by the specific gravity, which 
should not be higher than 0 92 6. 1 

If a measured quantity (25 cc) of paregoric he rendered 
distinctly alkaline with soda, and cvnporated to * about 10 c c., 
the alcohol and a portion of the camphor and oil of anise will be 
volatilised On then shaking the liquid with ethei, the remaining 
camphor and oil of anise will be extracted If the ethei be 
separated, and the aqueous liquid acidulated with hydrochloric 
acid, benzoic acid will m some cases be piecipitated , but whether 
it sepaiates or lernams in solution, it should he dissolved out by 
agitating the acidified liquid with ether On allowing the separated 
ethereal solution to evapoiate spontaneously m a small beaker, the 
benzoic acid is obtained m a state ht to weigh , 2 but a better and 
more rapid plan is to repeatedly agitate the ethereal liquid with 
water until the washings no longei redden litmus, add a little 
more water and a few drops of phenol phthalem solution, and 
titiato the liquid with caustic alkali (prefeiably baryta-watei), 
which should he added until the aqueous layer acquires a pink 
colour, not destroyed by agitation with the ethei Each 1 c.o of 
2k alkali loquired repiesents 0 0061 giamme of benzoic acul If 
25 c c of the tincture has been employed, the number of milli- 
grammes of benzoic acid found, multiplied by 0 35, gnes the 
grams of benzoic acid per pint of the tmctuie The mecomc 
acid extiactud togethei with the benzoic acid is too small in 
quantity to affect the lesidt, but its piesonce may be detected 
and the amount roughly determined by separating the etheieal 
layer aftei the titration is complete, and destroy mg the pink 
colour of the aqueous liquid by a chop of dilute hydrochloric 
acid On now adding a (hop of feme chlondo solution, the deep 
purple-red coloiation characteristic of mecomc acid will be produced 
The detection of mecomc acid m the above manner of course 
provos the piesence of opium m the tincture When this infor- 
mation alone is sought, the paregonc may be diluted in a test-tube 
with pioof-spmt till it is of a light yellow colour, and a drop oi 
two of solution of feme chloride then added. If opium he piesent, 
inoie or less deep red coloration will be produced, owing to the 
formation of mcconate of uon By compaung the depth of red 
coloiu with that given by a standard tmctuie, a lough indication 
of the pioportion of opium present can be obtamed , hut the 
amount of mecomc acid in opium is too vanable to allow of much 

1 Wlieic a moie c\ucfc deton rurmfcion is reqmied, it may bo made by the 
method desuibcd m Volume I , under the head ot Tmctuiea 

3 Theauthbi has oteasionall} obaenod the benzoic aoid thus extracted to 
have a distinct mmous odom. 
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stiess being placed on the result obtained. It sometimes happens 
that paiegonc is coloured with cochineal or contains a variety of 
tannm, m which case the coloration with foruc chlo-nde becomes 
obscmed On cautiously adding hydrochloric acid, diop by drop, 
the colour produced by tannate of iron is destroyed, while that due 
to the meeonate peisists till cousideiably more acid has been added 

The piopoition of opium m paregoric is too small to allow of 
the oidinaiy method of deteimming morphme being conveniently 
used ; but fair results, sufficiently accurate for most purposes, may 
be obtained by volumetric or colonnietuc application of the 
reactions with potassium femeyamde and iodic acid(pages 317, 318). 

Toxicology of Opium and Morphine. 

In whatever form or manner it may be administered, opium is 
found to act as a typical and powerful narcotic, and m excessive 
doses is fatally poisonous 1 

1 In a lettei to tho Globa, Di ffm. Moore, late Surgeon-General, Hominy, 
points out the exaggerated statements made inspecting the ill affects of opium 
eating and smolcmg Ho wutes — “No one denies that the excessive use of 
opium — whother smoked, eaten, or drunk — pioduces uyiu lous consequences ; 
hut so does excess in the use of spirits, of ioast goose, or even of firnt. . , 

I am quite sure that the use of opium, speaking generally, is move advan- 
tageous than deleteimus. Anti-opmmists asseit that all using the drug m any 
form go fiom bad to woise, and eventually sueoumb to the effects This is not 
the fact Theie aie thousands who nse opium modeiately fiom their youth 
upwards, and nevoi suffer theieftom. That the habit cannot be given up is 
also iuooireot But, as a rnattei of fact, immodeiate consumers aro like tank- 
era vers, and rarely give np the habit And moderate consumers do not do so, 
Sliding that it does not woik them harm. 

“ . . . . The use of opium, even in excess, is aeithoi so deleterious to tho 
consumer nor so dangerous to his neighhoms as the use of spirits to excess 
Tho opium eater or smoker . . . attains to a placid repose, which is veiy 
different to the excitement caused by spmts . . Many maladies foi which 

opium is used m the East have been attiibuted to opium Numbeis of people 
suffering fiom all kinds of maladies ore to be found m Eastern opium houses. 
But the people thus affected fly to opium foi a relief to suffeimg, and viaitois 
finding diseased people m the opium-houses have ignorantly attiibuted tbe 
maladies seen to the nse of opium . . Opium pievenls eicmacansis or 
waste of tisue, and thus contributes to cndtu'anco of fatigue, as evidenced by 
the long distances Eossids travel m India, their only support being a small 
pill of opium, a number of which they cany m a tin box This is evidenced 
also by opium being given to camels, in combination with other substances, 
when these animals are called upon for extiaoidinaiy exertions Opium also 
enables pei-sons to live on smaller quantities of food than they could otherwise 
do — in this respeot it resembles tea Thousands woie kept alive during Indian 
famines who would have succumbed fiom want of food had not opium been 
available There is also no doubt that opium exerts a prophylactic 
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The poisonous effects of opium are esseutmlly due to tlie mor- 
phine contained in it, and the symptoms it produces differ hut little 
from those consequent on the acLmmistiation of puie moiphme, 
except that there is a gre&tei tendency to convulsions, and m the 
latter case the effects are usually manifested moie rapidly than m the 
former, generally commencing in from five to twenty minutes if the 
poison has been taken in solution 

After poisoning by morphine or opium, dimness of sight and 
relaxation of the muscles, with drowsiness and stnpoi, are usually 
the fust symptoms observed. At first the patient may be aroused 
without much difficulty, but as time goes on this becomes impos- 
sible, the drowsiness passmg into complete coma, often accompanied 
by slow and steitorous bieatlung, ending m death In the large 
majority of cases the pupils aie stiongly contracted in the earlier 
stages , but latei, and when a fatal termination is approaching, 
they are often dilated 1 They are usually insensible to light 
Occasionally, especially with excessive doses of opium, there is 
vomiting, or even puigmg The pulse is at first weak, quick, and 
irregular, but afterwards slow and full 

reasoning by morphine or opium often closely simulates alcoholic 
diunkonness, and, in the absence of a smell of opium m the bieath 
or vomit, it is often very difficult to distinguish between them 
Coma, due to urcemia, apoplexy, or violence, may also be mistaken 
for poisoning by opium or its preparations 

The dose of morphine riecessary to destroy life is extremely 
variable Infants and young persons aie peculiaily susceptible to 
opium and its preparations. Death has been caused to infants by 

effect against inalauous fuveis, which effect is leeogmsod, not only in the East, 
hut also in the aguish distncts of this couutiy That it relieves chromo 
painful maladies does not lequiro proof 

" . People m the East will havo opium — foi with them it takes the 

place of othei stimulants or uatcotios — and they will have it in spite of anj^ 
thing anti-opiumists nmy advance to the contraiy . . In opium they 1 

have a cheap, easily earned stimulant or narootic, accoulmg as they may uso 
it, and nothing the anti-opiunusts may say will prevent the use of opium 
Ealing opium is more deleterious than smoking the diug, foi it intei feres more 
with the digestive capacities Taking opium in the form of opium water 
[itmal pawnee) is loss lnpirioua Smoking opium is the least haimfnl manner 

of using tho diug It is not opium that is used foi smoking, but a preparation 
of opium called chandul or chandoo , and, after much expenonoo and investi- 
gation, I logaid smoking chandul as harmless, unless indulged m to excess 
And the vast minority of those using chandul do not, liko the vast majonty of 
i, hose using spnits, pioceed to excess — 15 Portland Place, March 10, 1891 " 

3 A. Swaine Tayloi mentions a case of opium poisoning m which one 
pupil was contracted and the other dilated 
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-Jth, -ji-j-th, •j'jth, and even j^th of a gram of opium } as also by a 
few drops, and even a single drop, of tincture of opium On the 
other hand, children have recovered after doses of 1 gram, 5 grains, 
and 7J grains of opium, and after two teaspoonfuls of laudanum 
Half a gram of morphine acetate has pioved fatal to an adult , hut 
as a rule, the usual minimum fatal dose for an adult may be stated 
as 1 gram of a salt of morphine, or 7 grains of opium. Personal 
habit, as in the case of opium-eaters, and idiosyncrasy will of 
couisa largely modify the above conclusion 

The post, -mot tem appearances of poisoning by morphine are by 
no means well-marked The stomach and intestines usually 
appear healthy If opium itself has been taken, its peculiar and 
charaotenstic odour may often he recognised when the stomach is 
fust opened, 1 Congestion of the lungs aud biam aio most com- 
monly met with, but these appearances aie not invariable, and 
when they exist, afloid no definite evidence of opium poisoning 
The blood is usually veiy fluid 

Besides opium itself, morphine and its salts, and the various 
official pieparations of opium (e g , the tincture and extinct), there cue 
vanous nostrums containing opium, which have not unfiequently 
been the cause of death , especially m the ease of infants, for whom 
opiates may be legoidcd as generally dangerous and unsuitable 2 

1 The autlioi lias obseivod an mvmistakahle smell of opium m the contents 
of the bladder sixty houis after death, by takiug laudanum 
a Syrup of Poppies is piofessedly a sweetened decoction of English oi white 
poppy heads It is of veiy Vanable strength, and is said to be sometimes 
substituted by a mixture of tmetuie or mftision of opium with simple symp 
Winslow's Soothing Synip sometimes pioduces symptoms of naicotio poison- 
ing It is said to contain about 1 giam of morphine and otlioi opium, alka- 
loids ill an ounce {I‘hai m Jour , [8], u 976) 

Godfiey's Got dial is stated to he a mixtuie of treacle and sassafras with 1 
drachm of tincture of opium in 6 ounces Half a tenspoonful is said to have 
caused the death of an infant, and in the yeais 1863-67, fifty six deaths were 
recoided fium its use, piobably by its administration m excessive doses by iguo 
rant peisons 

Eawksim th's Mixtme contains magnesium caibonate, rhubaib, compound 
spirits of ammonia, sweet spmt ot nitie, oil of cassia, simple syiup, water, and 
other lngiedients, with 1 part ot tmetuie ol opium in 64. 

Ohlorodyne is a pieparation of vanablechaiacter, containing chloroform, ether, 
alcohol, oil of peppermint, liydiocyamc acid, ti each, andmoiphme hydroohlo-, 
ride Lobelia, capsicum, belladonna, and extract of lupionceare sometimes added 
Paregoric Elmr is the popular name for the compound tinoture of camphor, 
B P Various pieparations, destitute of opium, ale sold as “paiegonc sub- 
stitute,” &c , and if not dangerous m themselves, accustom ignorant peisona 
to give and take laigo doses, which when lepeated with genuine paregono 
cause dangerous and even fatal effects. 
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Detection of Morphine and Opium — In cases of suspected 
poisoning the detection of opium is liased, in addition to the recog- 
nition of its smell, on the extraction of morphia and mecomc acid 
m a sufficiently pure form to allow of the production of their 
characteristic reactions The following is the usual mode of 
procedure — 

Observe if any smell of opium is apparent If not, it may 
become evident on gently warming some of the contents of the 
stomach. Test a small quantity of the stiamod or filtered liquid 
with ferric chloride, and note if any reel coloration (characteristic 
of mecomc acid) is produced 

Next cut up the stomach and any solid contents into small 
pieces, and reduce the whole to pulp by beating in a mortar. Mix 
tli? product with the liquid contents of the stomach, and treat the 
whole with rectified spirit acidulated with acetic acid, m sufficient 
quantity to coagulate the albumin 1 Keep the mixture warm for 
sonic time, with occasional agitation Then filter or strain from 
the solid matter 

The filtrate is treated with basic acetate of lead as long as a 
precipitate is produced, when the liquid is boiled and allowed to 
cool When cold it is again faltered, and the precipitate washed 
with cold water The precipitate contains the mecomc acid of any 
opium present It should be washed off the filter with water, and 
completely decomposed by passing a lapid stream of sulphuretted 
hydrogen gas The liquid is next filteied, and concentrated to a 
small bulk by evaporation at as low a temperatuie as possible It 
should then be placed in a poicelmn dish and tested with ferric 
chloride, which will pioduce a purplish red coloration if mecomc 
acid be piesent It is necessary to distinguish carefully between 
the coloration pioduced by mecomc acid and the somewhat similar 
reactions given by thiocyanates and acetates This may be effected 
with certainty as descuhcd on page 338 

A very useful indication of the amount of opium present may 
he obtained by comparing the depth of tint produced by ferric 
chloride with that obtained on treating a known quantity of opium 
m a similar way 

The filtiate fiom the lead piecipitate will contain any morphine 
which may have been piesent Separate the excess of lead by 
passing sulphuretted hydrogen foi some time, filter, evaporate 
cautiously nearly to diyncss, add a little water and filter The 
filtrate will piobably have a bitter taste if morphine (or other 

1 Macomc acid adlieies very tenaoiously to albuminous matteis, and hence 
the piecipitate should be digested with stiong alcohol, and the liquid stiamod 
and added to the mam solution 
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alkaloid) lie present Transfer the solution to a stoppered sepmator, 
render the liquid alkaline "With ammonia 01 (preferably) an alkaline 
bicarbonate, and shake with hot amyhc alcohol without delay, as 
described on page 316 The amylic alcohol solution is then 
separated, passed through a dry filter, and either at once evaporated 
to dryness, and the residue examined hy the colour-tests described 
on page 313 et seq , or it is shaken with a little dilute hydrochloric 
acid, which is then separated and examined lor morphine An 
estimate of the quantity of morphine present may ho obtained 
from the intensity of colom produced hy the iodic acid and 
ferricyanide tests (page 318) > 

Instead of treating the alcoholic extract of the material under 
examination with basic acetate of lead, as described in the fore- 
going process, the method may in some cases he shortened and 
rendered more delicate by evaporating off the alcohol at r a low 
temperature, taking up the residue with water, filtering, acidulating 
the filtrate with dilute sulpliune or hydrochloric acid, and Agitating 
with ether 1 2 * * This lemoves meconic acid, though not perfectly, 
while phosphates and other inteifeuug matters remain m the 
aqueous liquid, and if the ethereal layer he separated, evaporated, 
and the residue treated with hot wqtei, a solution is obtained, 
which after filtration may he veiy advantageously used for the 
application of the ferric chloride test If piefeired, the solution 
may be treated with lead acetate, and tlio meconic acid recovered 
from the filtered and washed precipitate by decomposing it with 
sulphuretted hydrogen 

The positive detection of meconic acid affords as perfect a proof 
of the presence of opium as doos the lecogmtion of moiphine 
itself , and as the tests for and methods of separating niocmuc acid 
from foreign matteis are somewhat more satisfactory than those 
for morphine, and the acid is moie stable than the alkaloid, it 
occasionally happens that the acid may he isolated and positu ely 
identified, when morphine cannot he lecogmsed with certainty 
(especially where ptomaines may he piesent) 9 The detection of 
meconic acid of course indicates the pre-existence of actual opium 
or some galenical preparation thereof, and not morphine or one of 
its salts Hence it sometimes enables a useful distinction to be 
drawn as to the form in which the poison was taken 

1 After this tieatmont the aqueous liquid may be lendered alkaline with 
sodium bicarbonate, aud agitated with hot amyhc alcohol for the extinction of 
tho moiplune 

2 The authoi obtained satisfactory pioof of the presence of meconic ncid m 

the stomachs of two childien exhumed five months after death, wheLeas no 

positive conclusion could he foimed ns to the presence of morphine 
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It not unfiequently happens, even in eases m which it is certain 
that opium was the cause of death, that no trace of morphia or 
meeomc acicl can he found on analysis of the stomach or its con- 
tents In other cases the poison lias been detected 'with moderate 
facility a consideiahle time after death The cause oi these 
dmuiepant results is very obscure, hut they avo piobably mainly 
dependent ou the opportunities which circumstances have given foi 
the elimination or absorption of the poison before death has ensued 
Hence the failure to find morphine does not prove that its adrnmis- 
tLafcxon was not the cause of death Attempts to extract niorphme 
fiom the blood and tissues have usually failsd, but T, G-. 
W o 1 m 1 e y has succeeded m isolating it from the brain, blood, liver, 
and urine oi animals poisoned by it ( Cliem News, Ixn 79, 99) 

In examining urine for morphine, a considerable quantity of 
urea is liable to be taken up by the dinylic alcohol If the 
solution m this menstruum be evaporated and treated with cold 
water, a notable quantity of morphine is dissolved together with 
the uiea. In the minute quantity present it may be extracted 
from the liquid by ether (which does not dissolve urea), or prefei- 
ably by a mixture of ether and acetic ethei 


STRYCHNOS ALKALOIDS. 

The various species of Sii‘yclinos, a genus of plants belonging to 
the order Loganiacece, contain ceitam alkaloids lemarkable for 
their intensely poisonous piopeities Oi these, the only two 
which have been thoroughly investigated aic strychnine 
and b r u c l n e, the latter base being probably a dim ethoxy- 
strychnine 

Strychnine and biucine occui m the seeds of the Stryehnot, 
nttx vomica, in combination with lactic and igasune acids A 
third base, lgasurrne, lias been supposed to exist m nux 
i omica ; but the researches of W A Shenstone (Jow Qliem 
Soc, xxxix 453) have proved the supposed alkaloid to he merely 
a mixture of strychnine and brucine The bark of Stiychnos nux 
vomit a is also vory poisonous, and is sometimes termed “false 
angustura bailc”, The extreme bitterness of the atrychnos 
bark, its twisted appearance, the impossibility of separating it into 
thin layers, and the blood-ied coloration produced on applying 
nitric acid to the internal coat, are characters by which it is easy 
to distinguish it fiom true angustura hark 

The seeds of Stri/rhnos Jqnahce, commonly called “ S t 
Ignatius’ beans,” also contain stiychnine and brucine, and 
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are employed for the manufacture of the alkaloids, of which they 
are said to contain from to 2 per cent 8 

The leaves of Sti'ydhnos mix vomica are said to contain brucine 
but no strychnine 1 

The decoction of the loot-bark of Strychnos Tieuie or “ deadly upas 
tree” of Java, evaporated to an extract, is the chief ingredient of 
the arrow-poison upas-tieute It contains strychnine and hiucme 1 

The deadly effects of Curate- or Indian arrow-poison have been 
attributed to stiychnine, but are now proved to be due to a distinct 
base, cui arm e, which is described on page 388 

Strychnine. Strychnia C 21 H 22 hr 2 0 2 . 2 

Stryehnmo exists, together with hiucme, m the seeds and baik 
of Strychnos mu vomica, m the seeds of 5 Iynatice, called “St 
Ignatius’ beans,” and m ceitam other plants of the same 
genus 1 It may bo prepared from these sources by a method 
similar to that used for their assay (page 385) 8 

Strychnine occurs as a white powder, or m crystalline paiticles 
of vanablo appearance The crystals are sometimes minute pearly 

1 Stiychnmo appears to have been found with ceitainty lisfivo oi six species 
of Sto iMtfflJftly Several of the genus Contain ncithci stiychnine noi'btucmo 

2 Accorafiff to Claus and Glassner [Bei , xiv 773) the strychnine of 

oommercohas not always tho same composition, being lapresented m some 
instances by the foimula and m others by C 21 H as N a 0 2 They 

believe the plant produces the alkaloid with a vauahle propoition of eaibon, 
a supposition which lias also been entertained by Scliutzonbergor. K o e f a e d, 
by fractional piempltation of commercial strychnine with potassium platinoso- 
chlonde, obtained at first a salt containing 18 8 per cent of Ft, ooiiesponding 
to a molecular weight of 347 6 loi tlie alkaloid, while the precipitate subse- 
quently tin own down contained 19 36 per cent of platinum, representing a 
molecular weight of 833 ’2, against 883 S leqmred foi the foimula O n II 2 jN a 0 2 . 
Hence commoicial styiehnme probably contains homostryclinme 
O^HjjNjOo, m addition to the base of recognised composition 

3 Nux vomica seeds oi St Ignatius’ beans are boiled with dilute sulphuric 
aoid till soft, then crushed, and the expressed liquid tieated with slaked lunc m 
excess The precipitate ib fllteied off and boiled with alcohol of 0 86 specific 
gravity, which dissolves the alkaloids and deposits tho stiyclimno on coolmg, 
the hruolne mostly renaming m solution The British Shaimaco-jxBia dnects 
that the powdered seeds shall be exhausted with dilute alcohol, the spmt 
distilled off, and the solution precipitated with acetate of lead From the 
filtiate the alkaloids are precipitated with ammonia, and redissolved m boil- 
ing leotifted spirit, the gieater pai t of wlnoh is then distilled off Tho losidual 
liquid on coolmg deposits the stiyclmme, which is washed with a mixtuie of 
2 parts of lectified spmt and 1 of watei till the washings cease to become 
red on adding mtnc acid, indicating freedom from biucano. It is then 10- 
orystalhsed from boiling alcohol 
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scales, 1 like mica , sometimes oelahedta, with a rhombic base j but 
moie commonly form large, four-sided prisms The crystals vary 
much accordmg to tlie solvent from which they are deposited. 
For their production on a micioscopic scale it is best to let the 
alkaloid deposit giadually by addition of an alkali to the solution 
of one of its salts , 01 to expose the solution to ammomaeal 
vapours (seepage 361) Well-formed crystals of strychnine are 
also obtained by gradually adding water to the alcoholic solution 
of the free base. 

Crystallised strychnine lias an approximate simitie gravity of 
113 (TP Blunt) “ 

Stiychnine has no smell and is not deliquescent On being 
heated it melts without decomposition at 265 3 -266° C., and 
sublimes imperfectly Itb solutions exeit a kevo-iotatoiy action 
on polarised light, have a maiked alkaline reaction, and are 
extremely bitter. 1 

Strychnine is an exceedingly violent tetanic poison (pago 372). 
Strychnine is very spari ngly soluble in cold water, requiring 
about 8300 parts for its solution, but it dissolves m 2500 paits of 
boiling, wate r It requires 207 paits of cold absolute alcohol for 
solution, and about 400 of whisky, 500 of spirit of 941 48* g ravity, 
and 2617 parts of 970 sp giavity The limited of 

I stiychnme in alcohol is utilised foi its separation frtftiwwucine, 
* which is readily soluble in the same liquid Strychnine is soluble 
m 8 to 10 parts of cblorofoim, but dissolves very sparingly m 
ether, requnmg 1400 paits of the anliydious menstruum, or about 
1050 of ordinary commercial ether lloubtlcss the physical condi- 
tion of the alkaloid largely affects its solubility Strychnine 
dissolves with facility m a mixture of equal measures of chloro- 
form and ether — a fact often utilised foi its extraction It is 
soluble .also m 140 parts of benzene, and is deposited on spon- 
taneous evaporation m large brilliant octahcdial crystals In 
petroleum ether strychnine is neaily insoluble, requiring, according 
to Wormley, about 12,500 parts for solution 

Stiychnine is not removed fiom its acidulated solutions by 
agitation with any of the above immiscible solvouts, but, on the 
contrary, may be completely extracted from its solutions m them 
by shaking the liquid with dilute sulphuric acid, 

Stiychnme is not sensibly soluble m solutions of the fixed 
caustic alkalies, but dissolves somewhat more readily m ammonia 
In dilute acids it is readily soluble 

1 The bittBrnoss of strychnine is said to he recognisable in a solution of 
iVth of a giain pel gallon. Tlio salts ot strychnine are much less bittoi than 
the fiee alkaloid. 
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Strychnine dissolves without coloiation m the strong mineral 
acids It may he heated to 100° C. with stiong sulpliuuo acid 
without visible change, and is often stated to he unalteied hy such 
treatment But the strychnine cannot be wholly recovered from 
the product, and G Stoehr {Ben., xviii. 3429) has shown that a 
sulphonic acid is formed 1 

Monobromstrychnme, C 3j H 21 ]3rH' 2 0 2 , is obtained on 
adding biomme-water m theoretical quantity to an aqueous solu- 
tion of stryclmiDe hydrobromide or hydrochloride, and then pieeipi- 
tating with ammonia The aqueous solution is alkahne and very 
bitter (Arch Pliarm, ccxxvui 313) 

Salts of Strychnine 

Stiychmne is a strong base, and forms salts which are usually 
ciystalli sable and soluble in water, yielding very bitter, exceedingly 
poisonous solutions The salts of strychnine are mostly soluble 
m alcohol, hut are insoluble m etliei, chloioform, benzene, petroleum 
spirit, ox amylic alcohol. 

Strychnine may bo titrated with accuracy hy a stundaid mineral 
acid, using litmus oi methyl-mange as ,ui mdicatoi One c c of 
decmonnal acid conesponds to 0 0334 gianune of stiyclunue 
Strychnine haB no effect on phenolphthalein, and hence its salts 
react wittfjfjis indicator as if the acids weie uncomhined 

The 'efoomate, ferrocyanirle, merew ocliloi ide, plmphofungstate, 
and phosphomolybdate are among the most insoluble salts of strych- 
nine. All these forms aie occasionally used for the isolation or 
estimation of the alkaloid The high insolubility of the ferro- 
cyanide serves to separate the alkaloid fiom brucine 

The spaiing solubility of tho hydnodide of stiychnme is important, 
as the salt is liable to be thrown down m the .form of crystalline 
needles from mixtures m which strychnine hydrot blonde and a 
metallic iodide are dispensed together The liydiohiomide is 
stated to he similarly liable to separate out. 

Hone of the salts of stiychmne find any place m the Bniish 
Phai macnjmia The sulphate is official in the United States, and 
the nitrate in Germany Tho following table indicates tho lead- 
ing characteis of the principal salts of strychnine 

1 S i jtTCimiifE-MONOSTJi.rnojiio Aoid, C^NA SO s H, Is produced In 
nearly theoretical amount when atiychmne is heated to 100” with the 
requisite quantity of coneeutiated sulpliuuo acid. Tho freo sail is calouiless, 
and very little soluble in watei or alcohol The ammonium salt is 
very soluble in untoi, but precipitated by alcohol, and the potassium, 
sodium, barium, calcium, lead, and copper salts foim veiy insoluble 
pieeipitates. With fuming sulphuuc acid at 150“ a soluble disulptiomc ucid 
is formed 
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Appearance, 


Solubility. 



Strychnine 

Oold Watei 

Boiling Water 

Hydrochloiide, 

BHC1 

Silky needles 

84 per cout 

I, part In 60 


HydrDbromide, 

BHBr 

Priamatlo 

80 „ 

„ 32 


Hydriodlde, 

BHI 

Qundrangulai 
needleB, or 
white Beales 


Sparingly 


Nitiate, . 

BUNOj 

Silky needleB 

84 

1 paitinSO 

1 part in S 

Sulphate, 

(or 5 aipia) 

bh 2 so 4 + 

Transparent 

octaliedra 

784 „ 

„ 42 

" 2 

Add sulphate, 

Acetato, 

Long, thin 
needles 
Crystallises 
with difficulty 

714 „ 

1 part in 9S 

'A ' 


Analytical Reactions of Stbychnine 

1. Ou adding to a not too dilute jiolntion of a soluble, salt-of 
stiychmne a fixed caustic ptlkali, alkahna_carboiiate, ammonia, or 
luns.-uaiar, strychnine is tluown down as a white precipitate 
insoluble m excess of the precipitant The piecipitate rapidly 
becomes crystalline. The crystals have a characteristic microscopic 
appearance, being usually long, rectangular, well-defined pusms 
They are well developed if a drop of a dilute solution of a strych- 
nine salt (e g , the acetate or sulphate) be placed on a slip of glass, 
and covered with a small beaker rinsed with strong ailimoma. 
After half an hour the beaker may he removed, the diop of liquid 
covered with a circle of thin glass, and examined undei the micio- 
scope If the solution contain extianeous matter, it may be found 
difficult or impossible to obtain ciystals from it. 

2. If strychnine be liberated fiom the solution of one of its 
salts by one of the reagents mentioned above, and the liquid (with 
the suspended piecipitate) he at once shaken with an equal measure 
of chloroform, the alkaloid is readily dissolved by the latter liquid, 
and may be obtained m a solid state by separating the chloroform 
and evaporating it to diyness at a steam heat The agitation of the 
aqueous liquid with chloioform should be repeated if quantitative 
results aie desired Eiom aqueous liquids containing little solid 
matter, chloroform separates tolerably readily, but if, as often 
happens m practice, there he much extractive matter present, the 
complete separation of the chloroform requires many hours or even 
days This inconvenience may be wholly avoided by substituting 
for pure chloroform a mixtuie of equal volumes of ether and 
chlorofoim This lias a density of 1 11, and separates with facility 
from aqueous liquids (compare pages 166 and 374) Experiments 
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by the author have shown that the solubility of strychnine in. a 
mixture of equal measures of chloroform and ether is amply sufficient 
to ensure its sepaiation from the aqueous liquid (. Analyst , vi 111) 

3 A very useful precipitant for strychnine m complex orgamo 
liquids is a nitnc acid solution of sodium phoephomolybdate 
(Sonnensohem’s reagent, page 136). On adding this to 

a neutral or slightly acid solution of the alkaloid, the strychnine isu 
thrown down as a yellowish white amorphous piecipitate The' 
sepaiation is complete even m very ddute liquids. Many alkaloids 
besides strychnine give similar precipitates, and hence the reagent 
is merely of samce for concentrating the strychnine and purifying 
it fiorn extraneous matters. The precipitate should he filtered off, 
washed with water containing the reagent, and the strychnmo > 
sepai ated by suspending the precipitate m water, adding ammonia, 
and agitating with ether-chloioform, as m test 2 The piecipitate 
can, however, he directly examined by the colour-reactions described 
on page 368 

4 Sclieibler’s leagent (page 136) precipitates strych- 
nine from extremely dilute solution, and may be substituted (with 
advantage) for the phosphomolybdic reagent. 

5. Strychnine may also be separated fiom its toleiahly concep- 
trated neujnaljsoluUons by piecipitajionjyitji^chromate of potaj- 
siujp The test is best applied to a chloroform-residue obtained 
as described m 2 This should he dissolved in dilute acetic acid, 
the liquid filtered, if necessary, and evaporated to dryness at 100°, 
The resultant acetate of strychnine is dissolved in a little cold 
water, and neutral chiomate of potassium is added to the solution, 
Strychnine chromate, (C 21 H 22 N 2 0 2 ) 2 ,H2CrO il is thrown 
down as a reddish or yellowish brown precipitate, soluble in hailing 
water (1 m 171) and le-deposited on cooling in orange- oi lemon- 
yellow needles and plates The precipitate is very slightly soluble 
in cold water (1 m 470), a fact which enables stiychnme to 1 
he separated from brucine, the chromate of which is moie soluble 1 
T’nta ssmm bichr omate throws down fiom solutions of strychnine, 
not too dilute, an a n h y d r o c h i o m a t e of the formula B 2 H 2 Cr s 0 7 
as a crystalline precipitate, m winch octahedra and bush-like 
groups aie the most prominent micioscopic forms The precipitate 
is not soluble m excess of the reagent or m veiy dilute acids, and 
its formation is much facilitated by stirring It dissolves in 1800 
parts of cold and about 240 parts of boiling water, and is rapidly 
affected by exposure to light. The cluom&tos of strychnine give " 
the characteristic violet oxidation-product dnectly on treatment' 
with strong sulphuric acid as described in paragraph 8 , or the 
alkaloid may be obtained m a fiee state by suspending the pre- 
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cipitate in w ater, adding ammonia, and agitating with ethei-chloro- 
form, as m 2. 

6 With lgdiaod -potassium, iodide stiychmne gives a reddish- 
brown precipitate, even m extremely dilute solutions (1 100,000). 
Mayer’s rea gent also precipitates stryclmme from v.eiy dilute solu- 
tions (1 150,0001, an( i 18 recommended by G F Schacht for 
its determination 

7 Stiychnrne forms a combination with iodine analogous to, 
and having similax optical properties with, herepathite The 
following is the best method of utilising the reaction for the 
detection of stiychuine. On a nueroscope-shde plaoe a very small 
diop of an alcoholic solution of iodine, and allow it to evaporate 
Du ectly it is dry add a drop of a solution of strychnine, made by 
dissolving the alkaloid m dilute acetic acid and adding a diop of 
sulphuiic acid. Add also a diop of rectified spmt, and allow the 
mixtuic to cvapoiate spontaneously. On examining the lesiduo 
under the microscope with a Nmol's piism and selenite, but using 
no analyser, charactenstm ciy&talhne structures will be observed 
These may take the form of small cnculai tufts of very fine black 
needles , of minute dots of a more oi loss tuangulai foim, exhibit- 
ing yellow, pink, and green tints , large tuangular crystals of a 
yellow or green colour, composed of thioe paits ladiatmg from a 
centie, numeious solid macled prisms, occasionally showing com- 
plementaiy tints, oi solid losottes of tout, fivo, and six sided 
prisms In all cases it is desiiable to compute the results with 
those obtained fiom a minute quantity of stiyclmmo treated m 
piecisely the same mannei The mode of operation may be vailed 
consideiably, provided that the essential conditions of simultaneous 
presence of alcohol, sulphunc acid, acetic acid, free iodine, and a 
tiaco of stiychmne be duly observed The test is said to be sensi- 
tive to 1-2500 of a gram of stryclmme 

8 When p otassium jeiracytmide is added to the solution of a 
salt of strychnine, the ferrocyamde of the base, B 4 H 4 FeCy 0 + 4It 2 O, 
is precipitated as a white ciystalline powdei with a shade of 
yellow, only very spanngly soluble m cold water. The observa- 
tion, which is due to Beckurts, has been utilised by Dun- 
stan and Short ( Teai-Book Pimm., 1883, page 4.69) for the 
deteimmation of stryclmme and its separation from brucine, the 
feirocyamde of which is readily soluhle. A quantity, not exceed- 
ing 0 2 giamme, of the mixed alkaloids is dissolved m about 
10 cc of watei containing 5 per cent by measure of strong sul- 
phuric acid, the solution diluted with water to about 175 c c , and 
then made up to 200 c c , with a 5 per cent, aqueous solution of 
potassium ferrocyamde. The liquid is stiried occasionally during 
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six hours, and is then filtered off and washed with water acidulated 
with ol sulphuric acid, till the washings are free from bittei- 
neas As the precipitate is liable to alteration on diymg, 1 it should 
be washed off the filter with strong ammonia and extracted by 
agitation with chloidlorm After separating the chloroform solu- 
tion and washing it with water, the strychnine may be titiated by 
standard acid and methyl-orange, or the chloroform may be evapo- 
rate<l to dryness and the lesidual alkaloid weighed. Some alcohol 
should be added towaids the end of the evaporation to pievent the 
violent decrepitation which otherwise ensues. 3 From the filtrate 
from the ferrocyanrde precipitate the brucine may be precipitated 
by ammonia and extracted by chlorofoim Schweis singer 
( Aielav d/’s Phann , [3], xn 679, 609) states that ho had not 
found the ferroeyamde method to effect a perfect sepaiatiou of 
strychnine and brucine, He found stiychmhe fenocyamde to be 
perfectly insoluble m water acidulated with sulphuric acid, but the 
hrucine salt was not completely soluble, and was piecipitated inaie 
oi less perfectly aftei a time Hence the stiyclinine was alwajs 
estimated too high and the biucme too low, the eiioi laigely depend- 
ing on the time allowed and the concentiation of the liquid 

When the precipitation of the strychnine as feirocyamdo is 
effected m a liquid stiongly acid with hydrochloric acid, the salt 
thrown down is insoluble m cold watei and alcohol, has a bluish 
shade, and is an acid feirocyamde containing B,H 4 FeCy fl 
Ho similar piecipitate is obtained with biucme except in highly 
concentrated solutions, oi after long standing. Holst and 
Beckurts (Arch Pha>m, [3], xxv 313) have based on tins 
fact the fallowing volumetric method of determining strychnine. 
A 1 per cent solution of the alkaloids is strongly acidulated with 
hydrochloric acid, and a standard solution of potassium ferro- 
cyanide solution added until a filtered poition of the liquid gives 
a blue stain with papei moistened with feme chlonde 224 pails 
of feirocyamde repiesent 334 of strychnine The following 
results weie obtained : — 


Strychnine 

tnCcii found 

No 1, . 0 145 gun 0 148 gini 

No 2, . 0 100 „ 0 1017 „ 


Biuclne 

fcaXan found 

0 036 gun 

0 050 ,, 0 '04915 grm 


3 Accoidmg to Beckuits, upon exposuie to air etiychnme fcriocyaiude 
turns yellow, and is eventually completely decomposed with tarnation of 
stiyclinine fenocyanide and a new base which can ho extracted with alcohol, 
culled oxystiychmna, C^H^NjO,, 

a Duustan and Shoit state that this behaviour is ohaiactenstic of pure 
stiyclmino, a minute ndmixtiua of biucine preventing it and causing the 
alkaloid to huve a fused appearance 
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•> ; 9 On treating a cold solution of stiychnme in' concentrated 

I fjsulphiuic acid with an oxidising agent of almost any land, a 
5 |rich purple-blue coloiation is developed This changes more or 
'less rapidly through purplo and crimson to a bright ch,erry-red 
tint, which is somewhat persistent The rapidity of the change 
of colour is largely dependent on the nature and quantity of the 
oxidising agent employed Various substances have been re- 
commended foi the purpose The following are the most 
notable — 

(а) Patassirnijnehromate This is a favourite oxidising agent 
with many operators, but m the expenence of the author is one 
ol tho least reliable reagents for the purpose, as the change of 
colour is very rapid and the gieen chiomium compound resulting 
from the reaction tends to mark the coloiation due to the 
strychnine 

A useful way of employing bichromate is to piecipitatc the 
strychnine by means of it (as in 5), and apply sulphuric acid to 
the precipitate This plan has the gieat advantage of separating 
brucme, the presence of which is objectionable 

(б) Potassium permanganate, originally lecommended by G u y, 
gives the~reaction with great distinctness, but the rotation of tints 
is veiy rapid, and the reagent itself is apt to give a crimson 
colour with sulphuric acid 

(c) Potassium Jercricyamde, a reagent pioposed by E Davy, 
gives exceedingly good results The change from blue to cnmson 
and red is very rapid 

{d) Lead dioxide (Pb0 2 ) This oxidising agent, suggested by 
Mar ch and, acts lemailcably well, but the puce colour natuial 
to it is apt to distract the attention from the reaction to he 
looked for 

• — lioxvle (Mn0 2 ). This reagent, originally re- 
ach, employed ill moderate quantity and in 
the finally powdeied btale, is the one to which the author gives 
piefeience Tho play of colouis is remarkably well-developed, 
and the change of tint very gradual 

P K Mandelm recommends a solution of 1 giamme of 
ammonium vanadate in 100 cc of sulphuric acid as a reagent 
which will keep unchanged, and which gives the colour-reaction 
with groat distinctness 

(/) Oeiosocenc ojnde (Ce,Oj) has been highly recommended as 
the oxidising agent by S D Hinsdale It has the ud vantage 
of being light m colour, and giving a colouiless leduction- 
product. 

The oxidation-test for strychnine is usually performed m practice 



DETECTION 01’ STRYCHNINE 


on the residues left by evaporating to dryness the ether-chloroform 
with which an alkaline solution of the alkaloid has been agitated, 
The test may, however, be directly applied to 'the chromate or 
phosphomolyhdate of strychnine (see reactions 4 and 5). The 
following mode of operating is best calculated to ensure delicacy 
and accuracy - — 

The solution of the strychnine in ether-chlbroform should be 
evaporated in a porcelain dish or crucible If the quantity of 
strychnine to he' sought for is likely to be Very small, the dish 
should he immersed m hot water, and the solution of the alkaloid 
allowed to fall slowly into it from a burette or pipette, so that 
each drop may almost completely evaporate before another arrives 
In this manner the strychnine-residue may readily be confinod to 
a very small area, and the after-reactions thus rendered propor- 
tionately delicate When quite dry and cold the residue should 
be treated with two or throe drops of pure concentrated sulphuric 
acid, which should he thoroughly incorporated with it by means 
of a glass rod The mixture should then be allowed to stand 
for five minutes m order to note if any coloui is produced 
Salicin and certain other bodies will cause a red coloration, while 
some may be more or less chaned If any marked coloration is 
produced, the dish should be gently heated (not to the boihng- 
pomt of water) for half an hour, the contents diluted with water, 
filtered, made alkaline with ammonia, agitated with a mixture of 
ether and chloroform (as in test 2), and the strychnine recovered 
by evaporating the solvent. The residue is then again treated 
with a drop or two of sulphuric acid 

The oxidising agent, which should be, by preference, manganese , 
or lead dioxide, is then added to the sulphuric acid by dipping a 
glass rod moistened with the latter into the powdered solid A 
moderate quantity only should he used, so as not to obscure the 
reaction by excess of blackness On stirring the drop of strych- 
nine solution with the rod dipped in the oxide the blue coloration 
will become developed In a minute or so it will be distinctly 
purple, passing in a few minutes to crimson, and ultimately to a 
c herry-red, the last tmt being very persistent The test is exceed- 
ingly satisfactory, delicate, and characteristic, but the older ; of 
colours is as important as their shades The reaction is saicTtobe 
capable, of detecting of a gram of strychnine. 1 

There are hut very few substances which at all simulate the 
reaction of strychnine when treated with sulphuiic acid and an 

1 The oxidation -reaction has been applied by Davies and Schmidt to 
the appioximato detaimmation of tlia strychnine in Easton's Syiup 
( Year-lioolt Phm m , 1883, page 671). 
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oxidising agent, and few indeed of these that are dissolved together 
with strychnine on agitating the alkaline solution with ether- 
chloroform. Salicm, santonin, piperme, solamne, 
certain opium bases, cod-liver oil, and ceitam resins 
give colours with sulphunc acid alone, but they are extracted from 
acid solutions by ether and chloroform, and certain of them may 
also be got nd of by gently heating the liquid as already described 
Aniline gives no colour with sulphuric acid alone, hut coloured 
products are formed on treating the solution with an oxidising 
agent These cannot he mistaken for the oxidation-products from 
strychnine, for the order of tints is entirely different, commencing, 
in the caso of aniline, with a green, changing to a very persistent 
blue, and ultimately becoming black Colocynth resm gives 
a very similar motion to strychnine, hut is readily extracted by 
agitating the acidulated solution with benzene or ether 

It is always clesii able to purify the stiychmne by extracting it 
fiom an alkaline liquid by agitation with ether-chloroform (see page 
364), but the oxidation-reaction is readily obtained even m presence 
of considerable quantities of certain foreign matters Thus oat- 
meal, tartai-emetic, and dextun do not materially interfere with 
reaction when the quantity of strychnine is considerable Some 
extractive matters, sugar, and nitrates wholly prevent the applica- 
tion of the colour-test, and hence the absence of stiychmne must 
never he assumed till' the test has been applied to an ether- 
chloroform residue 

Quinine, cinchonine, and veratnne may be found 
with stiychmne m the ether-chloroform lesidue, hut do.not interfere 
with the application of the test Morphine m small proportion 
does not mteifeie, and the presence of any larger quantity than 
traces is excluded by its limited solubility in the ether-ohloioform 

In small proportions brucine exercises no injurious influence 
on the oxidation-test for stiychmne, hut when much is present it 
interferes in a marked manner Hence it is safest to separate the 
strychnine first of all as chromate or ferrocyamdq, as described in 
reactions 5 and 7, or a strong solution of a salt of the alkaloid can 
he treated with a very decided excess of ammonia, when the 
stiychmne will be precipitated and the brueme will remain m 
solution If a mixture of brueme and strychnine he treated 
with chloime-watei, the former base dissolves as dichloro- 
bx ucme, and the residue then gives the colour-reaction perfectly 
(Beclchui'ts) Brueme can be sought for m the filtrate, as 
described on page 383 In toxicological investigations its presence 
together with strychnine points to an administration of one of the 
natural sources of the alkaloids, rathei than to the use of a purified 
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salt of strychnine Commercial strychnine and its salts often con- 
tain traces of brucine, but not sufficient to interfere at all with 
the application of the oxidation-tost. 

C u r a 1 1 n e, the active principle of the Indian arrow-poison, 
gives a senes of coloured oxidation-prodnots exactly like those of 
strychnine, hut not being sensibly soluble in chloroform it is not 
liable to bo found m the chloioform-residue (see page 389) 

A ptomaine has been described ‘by C Ainthor (Chem. 
Zeii , xi 228), which gives a blue colour with the oxidation-tost 
less persistent and puie than that produced by strychnine It is 
less bitter and less poisonous to fiogs than strychnine, is dissolved 
leadily by amylic alcohol 'but only slightly by ether fiom alkaline so- 
lutions, and gives an amoiphous chromate, picrate, ferrocyanide, and 
f emeyamde The formation of any such ptomaine must he veiy rare 

Many of the above sources of fallacy or confusion may he wholly 
avoided by performing the oxidation-test m a manner suggested by 
H Letheby, which consists of employing electrolytic oxygen instead 
of eitliei of the oxidising agents mentioned on page 368 The 
solution of the ether-cliloroform residue m a drop or two of strong 
sulphuric acid is placed m a cup-shaped depression m a piece of 
platinum foil The foil is connected with the platinum plate of a 
single Grove’s cell, and a platinum wire connected with the zinc 
plate of the battery Immediately that the end of this platinum 
wire is dipped into the drop of acid, the violet colour of the oxida- 
tion-produet wall flash out, and on removing the wire from the 
liquid the tint will remain 1 

8 A colour-reaction of strychnine with chloride of zme is 
described on page 14'5. 

^ 9 If solid strychnine he dissolved m a drop of dilute . nitric 
acid, the liquid gently heated, and a minute particle of potassium 
chlorate then added to the warm liquid, an intense scailet coloiation 
is produced. This is changed to brown on adding ammonia, and on 
evaporation to dryness a daik green residue is left, soluble m water 
with green colour changed to orange-brown by caustic potash, and 
becoming green again on adding nitric acid C L Bloxam, the 
observer of the foregoing senes of colour-changes ( Qhem News, 
lv. 155) did not obtain any corresponding reaction with the other 
alkaloids he tried 

10 A reagent prepaied by adding sufficient strong hydrochloric 
acid to a weak solution of potassium chlorate to render it bnght 

1 The reaotion may he rendered still mole delicate by placing the drop of 
liquid at tliB bottom of a porcelain ciuciblo, and momentarily immersing m the 
liquid two platinum wiles connected respectively with the zme and platinum 
plates of the battery. 
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'‘ yellow, and then sufficient water to make it a very pale yellow, 
> gives with a solution of strychnine m hydrochloric acid: a fine red 
colour, destroyed by excess and lestored by boiling Brucine gives 
1 a violet coloration (C L B 1 o x a m, Zoc cit.) 

11. An exceedingly delicate test for strychnine is the physio- 
logical one of Marshall Hall A freshly-caught frog, the 
smaller the hotter, is the best subject for the experiment The 
skm of the back should be raised with a pair of forceps, and a 
small slit made with a pair of scissors Into the opening, the 
suspected liquid, as concentrated as possible, should he injected by 
means of a small pipette The first symptom observed will he a 
difficulty m breathing, which gradually incieases till the animal 
appears to gasp for breath A slight tremor will he observed 
extending over the whole body, hut specially noticeable m the 
hind legs The frog sometimes remains perfectly quiet, hut m 
other cases takes energetic and convulsive leaps It should he 
placed under a healcer or bell-glass for easier observation The 
characteristic tetanic convulsions next make their appearance They 
are intermittent, the pnpils being dilated during the spasms and 
contracted m the intervals The convulsions may be induced by 
touching the frog, clapping the hands, or knocking on the table 
The physiological test is much reduced m practical value by the 
difficulty m obtaining young animals for expeunient On the 
whole it is decidedly less certain and characteristic than the chemical 
reactions, and m no case should be implicitly relied on unless 
confirmed by the results of the oxidation-test 
Toxicology of Strychnine 

Owing to the violently poisonous character of strychnine, and 
the ease with which its preparations (under the disguise of 
“ vermin-killers,” &c ) may be obtained by the public, cases of 
death from its effects aie very numeious 1 

The symptoms of poisoning by strychnine usually commence with 
a hitter taste, followed by a feeling of suffocation The charac- 
teristic tetanic convulsions, often accompanied by opisthotonos, 
then come on, giadually becoming more frequent 2 3 Vomiting is 
not common. Lockjaw is a constant symptom Consciousness, as 

1 In the author’s own experience of the examination of poisoned animals, ex- 

tending ovei many years and to a great nnmber ot cases, strychnine has been 
found more frequently than all other kinds of poison taken together He has 
met with it in several cases of murder of human beings, the criminals subse- 
quently undergoing capital punishment, and m numerous cases of suicide and 
death by misadventure, including caieless dispensing by a qualified medical man. 

3 Methyl-stryclimne produces a paralysing effect more allied to that due to 
curare than to the totanising effect oi strychnine. 
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a rule^is letamed till the last, accompanied by a lively terror of the 
rapidly-recurring and agonising fits. Death usually ensues within 
a few hours, hut m raie cases life has been prolonged foi several 
days The general tune is from thirty to ninety minutes 1 

From 'jtj to ^ of a grain is the usual medicinal dose of strych- 
nine, but it may be increased m the case of a person accustomed 
to it. One-sixth of a gram is usually distinctly dangerous One 
giain may he legaided as the average fatal dose for an adult, and 
death has been known to occur from | gram. Much larger doses 
have been recovered from 2 

// Hypodermic injections of strychnine have been very successfully 
'V employed as an antidote in cases of snake bite.® 

The post-mortem appearances of poisoning by strychnine are not 
very striking or characteristic Kigidity of the muscles is usually 
prolonged, hut if death occur in one of the intervals between the 
fits, no rigidity will be observed. The heart is usually, but not 
always, full of blood, especially on the right side. The stomach 
usually appeals normal, but sometimes intensely congosted 4 The 

1 In a ease withw the author’s expenence, in which medicine containing 
a poisonous dose of strychnine was taken, the victim, a young woman, imme- 
diately cued out that b1ib wbb poisoned, and died m twelve minutes. Analysis 
of the remainder of the medicine showed the piesenoe of rather more than one 
giam of strychnine in each dose, and the amount of poison lecoveied from the 
viscera agreed remaikably closely with this result, 

2 The most successful antidote for strychnine is the persistent mhal aJaou.af 

jggjjcuLas often as the spasms come on. Qblsxsi m jyifiSS- fifJS.O 

grauSThas proved highly efficacious on several occasions, in some instances 
the cramps being wholly pievented, while, on the other hand, no narcotic 
action of the antidote was m T j*’-- ' ’ s has jnoved 

similaily successful, Tcvtovin i . > ■ ■ ! ue ( Yeai -Book 

1‘harm. , 1890, page 889). Foimyl-p<fmy>kimtlmi%ne (page 88) has been re- 
commended as an antidote for strychnine (Pkarm Zed,, 1889, page 625) 
s The strychnine is used as nitrate in 240 parts of water ( = 2 giams to the 
ounce) mixed with a little glycerin Twenty minims should he injected every 
10 to 20 minutes until all the snake-poison symptoms have disappeared and 
slight musculai spasms are observed A giam or more of stryohmne may be 
requned in the course of a few hours Out ot about one hundred oases tieated 
in this way, some of, them at the point of death, by Dr Mueller of Yackan- 
dandali, Viotona, theiewas only one failure, and that arose from the injections 
being discontinued after 1J giain of stryohmne had hean.employed ( Pharm 
Jour., [3], m 1139) 

4 In a case m the author’s experience, the stomach presented such an appeal - 
anoe as to suggest the presence of > aisemc or other irritant poison , but no 
mineial poison could he detected That death was due to admimstiation of a 
vermin-killer containing strychnine was subsequently fully proved by analysis 
and admitted by the murderer). 
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most characteristic appearance is the intense congestion of the 
hrain and spinal cord, often accompanied with considerable effusion 
of blood 

Eor the detection of ati yehnine m the dead body, the following 
method should be used, the portions of the body operated upon 
being chosen accoiding to the manner m which the pmsOn is likely 
to have been administered Thus it is of no use to search m the 
stomach or intestines for strychnine injected hypodermically. If 
the poison has undergone absorption, it will most probably be met 
with m the liver, but all parts supplied with blood and most of 
the secretions may contain small quantities of the poison. In 
extreme cases, it is desirable to operate on very considerable 
quantities of material, as death may be caused by so small a 
quantity of strychnine that the poison may he altogether - missed 
if this precaution be not taken 

Tho portions of the body to be tested for strychnine should be 
cut into small fragments with a pair of scissors, and then furthei 
reduced by bruismg m a moitar The product is then treated 
with rectified spirit, mixed with about 1 part in 20 of acetic 
acid This coagulates the albuminoids, while allowing of the 
complete solution of the strychnine Affcei a few hours the liquid 
should be strained through muslin, and the clarified filtrate passed 
through a paper filter. The clear liquid is next evaporated neaily 
to dryness, diluted with watei, and again filtered The filtrate is 
once more evaporated to dryness, and the residue thoroughly ex- 
tracted with strong, and piefeiahly absolute, alcohol The liquid 
is filtered, the alcohol removed by evaporation, and a small 
quantity of water added The solution is plaoed m a tapped 
separator, diluted to about 20 c.c. with water, and a few drops of 
hydrochloric- or dilute sulphunc acid added An equal measure- of 
ether is next added, and the whole well shaken On standing a few 
minutes, the ether will sepaiate on the surface, when the aqueous 
liquid should be withdrawn through the tap, and the ether then 
run off into a separate vessel 1 The aqueous liquid is then returned 
to the separator, and about 30 c.c. of a mixture of equal volumes 
of ethei and chloroform added Enough ammonia to render the 
liquid distinctly alkaline is next added, and then the whole imme- 
diately shaken thoroughly for about a minute. On coming to lest, 
the aqueous liquid will tend to separate from the mixed chloro- 

1 Tins preliminary treatmant of the acidulated solution, with ether is very 
important It effects a separation of glucosides, traces of fat, essential oils, 
and othei matters which otherwise would contaminate the atiychnine. In 
some cases it is desirable to reponl- the agitation -with a mixture of equal 
measures of chloiofurm and ethei. 
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form and ether, which has a density of about 11 If toleiably 
free'fiom extractive matter, it will float on the surface of the 
ether-chloioform, but if largely charged with sugar or othei soluble 
matter, it, may be equally dense with the solvent, or even collect 
at the lower part of the separator If, from the piesence of 
extractive matters or for other reason, the liquids do not readily 
separate, water or ammonia should bo added, so as to leduce the 
density of the aqueous liquid. An alternative, and perhaps pre- 
ferable plan, is the giadual addition of other, with cautious 
agitation, till the solvent separates readily at the surface of the 
aqueous liquid 1 

When the division of the contents of the bulb into two layers 
is complete, the strata are separated fiorn each other by means of 
the tap If quantitative results are required, it may he desirable 
to agitato the aqueous liquid with a fresh quantity of ether-cliloro- 
fotei The solution of the alkaloid m the ethei-chloroform is 
passed through a small paper filter, if necessary, and then 
evaporated to dryness at a steam-heat m the manneV described on 
page 369 The residue obtained may then bo examined for 
strychnine by the tests given on page 364 et seq, If stiyehnine 
be present, the solution of the residue m alcohol will have a 
marked and peisistent hitter taste, especially noticeable at the 
back of the tongue. The most delicate and characteristic chemical 
reaction of strychnine is the oxidation-test desciibed on page 368 
Eeactions 5, 7, and 8, and tho production of crystals of strychnine 
as described m 1, are also valuable as confirmatory tests, and 
should never be omitted if the material at disposal be Sufficient 
for their performance. The bittei taste, however, m conjunction 
with a distinct reaction by the characteristic oxidation- teat, may 
usually be legarded as ample proof of the presence of strychnine, 
piovided the absence of interfering, substances has been ensured 
by the previous treatment. The ptomaine, stated by C. Amthoi 
(page 371) to give a colour-reaction simulating that of stiyclimne, 
can only be present when putrefaction has taken place, and its 
formation must he very rare, or it would have been met with in 
the numerous cases in which no alkaloidal substance has been 
detected 

Blood should he examined for strychnine by diluting it with 
an equal bulk of water, adding a little acetic acid, boiling for a 

1 This alternative is preferable to the addition of ohloiofonn, which, if used 
m too large a propdition, will only sepaiate fiom the dense aqueous liquid 
With extreme difficulty. The advantage of employing a mixture of ether and 
chloroform, lather than either solvent singly, has been pointed out by ,the 
author ( Analyst , vi, 141), though its use did not originate with him 
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short time, filtering, and evaporating the filtrate nearly to dryness 
The residue is taken up with alcohol, and the solution treated as 
already described, 

Erom urine, strychnine may be directly extracted by agitating 
the fluid with ammonia and ether-chloroform. 

Dialysis through parchment-paper is an efficient and occasion- 
ally a convenient means of separating strychnine from organic 
matter. The finely-divided tissue should be suspended m water, 
to which some alcohol and acetic acid have been added. Dis- 
tilled water should he used on the other side of the membrane, 
and changed at intervals of twelve hours After thirty-six to 
forty-eight hours the dialysate may he evaporated to dryness, and 
treated with alcohol, &c , as described on page 37 4 

It has not unfrequently happened that a post-mortem analysis 
has failed to detect strychnine m corpses almost certainly contain- 
ing it This result has probably been due m moat casos to the 
use of defective methods of analysis, or to the search being 
reBtucted to too small quantities of material or to wiong parts of 
the body Occasionally, failure has probably been due to an 
elimination of the poison during life, especially in cases in which 
death has resulted from a minimum dose. Strychnine does not 
undergo decomposition m the dead body, and has been detected 
several years after death. 1 Hence, if elimination has not occurred 
prior to death, strychnine ought to be found by the toxicologist. 

Preparations op Strychnine 

The only prepaiation of strychnine recognised in the British 
Pharmacopoeia, is a solution of the hydiochlonde, which, as met 
with in commerce, is not so constant in strength as is desirable. 

Easton’s Syrup is a widely-used remedy, consisting of a syrup 
of the phosphates of iron, quinine, and strychnine Its omission 
from the British Pharmacopoeia is lamentable, and results in con- 
siderable variation in the composition of the preparations sold 
under its name According to S q n 1 r e ( Companion to the British 
Pharmacopoeia), when prepared according to Dr Easton’s formula, 
the syrup contains “about 1 gram phosphate of iron, 1 gram 
phosphate of quinine, and g’j gram phosphate of strychnine in 
each fluid drachm ” 

1 The author has had no difficulty in detecting strychnine m a stomach 
preseived in spmt for six yearn A poition of the untreated stomach and 
livci fiom the same person (who picked np in a field and ate an egg poisoned 
with strychnine) was kept m a jar, the mouth ot which was closed by a hag 
containing wood-charcoal On opening the jar after six years, the whole of 
the contents were found to hare disappeaied, with the exception of a small 
quantity of dust, in which ahnndance of strychnine was detected. 
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The following is the range of variation observed by D a v 1 e s and 
Schmidt ( Year-Book Pliarm., 1883, page 575) m ten samples 
of Easton's Syrup of commerce . — . 



The following analyses of commercial Easton’s syrup have been 
published by J. G Wilson ( Pliarm Jour, [3], xix. 753) — 



A 

B 

° 

D 

E 


Quinine phosphate, . 

6 TB 

6 76 

6 26 

4 26 

2-00 


Perrous phosphate, . 

71 

76 

64 

60 

60 

i* 

Phosphoric aold, . . 

47 0 

46 0 

480 

210 

260 

■JI 

Stryohnine, ..... 

0 26 

026 

0*2B 

0 20 

010 



In analysing Easton’s syrup the iron may be determined by 
evaporating 5 cc of the preparation, igniting the residue, dis- 
solving the ash in hydrochloric acid, and titrating the iron with 
standard bichromate solution after reducing it to the ferrous state, 
The free phosphoric acid may be determined by titration of 10 
c e with methyl-orange and semi-normal caustic soda. The neutral 
point is attained when NaH 2 P0 4 is formed. 

The ctPcaloids are deteimined by diluting 10 ec of the syrup 
with twice its measure of water, adding some citnc acid and excels 
of ammonia, and agitating twice with ether-chloroform. 1 Erom 
the weight of the residue left on evaporating the solution, a deduc- 
tion of 0 0057 gramme should be made for the strychnine present, 
the remainder being regarded as quinine. An actual separation 
can be made by precipitating the strychnine from a strongly acid 
solution by potassium feiroeyanide, as described on page 367 
Another method of separating the strychnine and quinine of 

1 From the aqueous liquid the total phosphonc aeid may be thrown down 
by magnesia mixtuie 
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Easton’s syrup is to dissolve tlie ether-uhloioform residue obtained 
as above ni about 10 c c of water acidulated with a few drops of 
sulphuric acid The solution is neutralised by ammonia and mixed 
with excess of ammonium oxalate After standing twenty-four 
hours, the precipitated oxalate of quinine is filtered off, the inother- 
liquor removed by gentle pleasure, and the precipitate washed once 
with a little cold water It is then dned at 100° and weighed 1 
Its weight, multiplied by S78, gives the qunune in the quantity 
of the sample operated on The filfeiate and wash-watei are then 
treated with ammonia, shaken with ether-cliloroform, and the dis- 
solved alkaloid lecovered as usual by evaporation of tbo solvent. 
The residuo of alkaloid (consisting of strychnine, any amorphous 
alkaloid, and a mere trace of qtnmne) should be next twice treated 
With 3 c c. of washed ethei, which dissolves tl - ' ” ’ iid 

(and quinine), leaving the strychnine almost 

Eor the determination of the small proportion of sti yclimne con- 
tained in Easton’s syrup, Davies and Schmidt recommend the 
following colorimetric process devised by 0. E c k e n s t e i n The 
alkaloidal lesidue from 10 c.c of syrup was dissolved in 31 25 c o. 
of water acidulated with 1 cc. of noimal aulpluuic acid, and 
6 drops of the resultant solution were added to 4 c.c. of concen- 
trated sulphuric acid tinted yellow with potassium bicluomate 
The colour produced aftei standing five minutes was then com- 
paicd with the colour produced by known quantities of a very 
dilute solution of strychnine of known strength, m the same sul- 
plmiic acid colouied with bicluomate Eor quantitative purposes 
the method leaves much to be deairdd. 

Easton’s syiup is liable to give a deposit which sometimes con- 
tams quinine, and in other cases appears to be simply feme phos- 
phate The tendency to deposit is often prevented by addition of 
a small quantity of hydrochloric acid. 

Ve.rmtn-ldller$. An inquiry mto the composition of various 
commeicial vermin-killers containing strychnine was made by the 
author m 1889 ( Year-Book Phai m , 1889, page 434) The results 
allowed them to consist of a mixture of strychnine with rice or 
wheat-Btaich, usually more or less coloured Ultiamarme was the 
most usual colouring agent, hut prussian blue was met with lit 
four preparations out of seventeen examined, in one case the 
powder containing both ultramarine and prussian blue. Carmme 

1 The mode of operating described m the tc\t is due to B. W. D wars 
It would pi aba, bly be bettei to wash the piccipitate produced by ammonium, 
oxalate, and then extinct the quinine in the free state by agitating the pre- 
cipitate with ammonia and ether. 
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was the colouring-matter of two preparations and soot of one. 1 
In one instance, no colouring-matter whatever was present. 2 3 * * * * 

Ultramarine is loadily recognised, m a vermin-killer hy the 
peculiar shade of blue it communicates to the powder, and by the 
culoui being wholly destroyed by agitation with dilute acid. If a 
little of the powder be placed on a silver com and moistened with 
dilute acid, a biown stain will be produced on the com by the 
sulphuretted hydiogen liberated from the ultramarine. Ultra- 
marine letains its blue colour after ignition, wheieas prussian blue 
leaves a brownish residue of oxide of iron, and mdigo is more or 
less perfectly consumed, according to its purity. A decidedly ferru- 
ginous ash. is left by some specimens of indigo Prussian blue and 
mdigo are unaffected by dilute hydiochlonc acid If the residue 
left after heating the powder with dilute hydiochlonc acid be 
washed and tieated with caustic soda solution, it will he unaffected 
if composed of indigo , but piussiau blue will bo turned brown, 
and the filtered liquid will contain a ferrocyanide, and hence will 
yield a blue or green precipitate 01 coloiation when it is acidulated 
with hydrochloric acid aud feme chloride added 

The colour of a vermin-lnller should not merely seive as a 
danger-signal, but be so chosen as to facilitate its detection m 
cases where it has been used for the purpose of suicide or muider. 
In a case m which the authoi was concerned, a murdeier would 
probably have escaped conviction bub for the detection of the blue 
colouring-matter m the stomach of his victim, which sen ed to 
connect him with the administration of the poison 8 

1 This pi epamtion consisted of stiyclimne, 6’8 per cent , native baiiuin oai- 
bonate, 45 0 per cent j and wheat-floui and soot, 49 2 per cent The object of 
the combination is not evident, 

2 Such a colourless prepniation ib highly dangerous Teething powdeis are 
so 'generally colomed pink that they are not unfreqnently asked for as “pink 
powders," aud giay powders are equally common. The blue coloimng-matters 
present oonsitleiable advantages oval such pigments as soot and carmine, since 
no food, drink, or medicine has natmally a blue colour, and hence the' tint 
at once attiacts attention 

3 Soot is unstutahlo for colouring vermin-killers, as the identihcation of 

minute particles of caibon is difficult or impossible when mired with food Of 

the blue colouring matters piaetically available, ultramarine is too leadily 

destroyed by dilute acids and by the gastnc juice, though it has the advantage 
of being leadily detected, and of being undestroyed by ignition Russian 

blue is unaffected by acids, and not vciy leadily affected by dilute alkaline 
liquids. Indigo resists alkalies still bettei, and is not affected by acids, except 
mtuc acid, though it is at once bleached by oxidising agents, and is also 
deoolorisbd hy alkaline reducing agents In minute quantity it is less easily 

reoogmsed than pnisswm bine. A mixture of the thiee pigments would be 
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The toxicity of veimm-kiUers varies within wide limits Of 
the samples examined by the author, the Weight of strychnine 
contained m a packet of the powder varied from 0 60 to 1 18 
grams, the retail price m each case being 3d The proportion 
of strychnine ranged from 4 ‘2 to 41 8 per cent 1 

Strychnine can he determined in vermin-killers by exhausting 
a known weight of the dry powder with chloroform of benzene, 
and weighing the alkaloidol residue left on evaporating the solvent 
The insoluble portion must be examined by the taste and oxida- 
tion-test, to ensure complete extraction and the absence ol a 
salt of strychnine insoluble m the solvent used. An alternative, 
and in many respects preferable, method is to treat the vermni- 
killer with cold water acidulated with acetic acid, untd the 
residual powder has no 'bitter taste, and gives no coloration by 
the oxidation-test The solution is then treated with excess of 
ammonia, and the strychnine extracted by ether-chloToform, which 
is separated, evaporated to dryness, and the residue weighed. 

Of vermin-killers containing strychnine, Battle’s preparation 
is the best known, and most extensively used The suicides 

preferable to any one or two of them. “The most suitable pigment for colour- 
ing vermm-killeis would be clirome green (Or 2 O a ) In it we have a bright 
gieen pigment of high oolommg powei, quite insoluble m watei and dilute 
acid and alkaline liquids It is wholly pcimanent under all imaginable con- 
ditions, and is not affected by ignition Chromium is not a natural con- 
stituent of the body, is not used internally as a medicine, and is not liable to 
be present accidentally, even in traces, in any beverage oi aitielo of food It 
oan be detected and determined with ease and certainty, even when piesent m 
very minute quantity Owing to its insolubility, oxide of chromium would 
remain wholly nnabsorbed if token internally Hence, if it were added to 
prepaiations of strychnine, &c., in a definite and invariable propoition, an 
estimate of the minimum amount of poison taken by a deceased peison could 
be arrived at by determining the amount of oluomium contained m the alimen- 
tary canal, even though the poison itself had been wholly absorbed or deOom- 
posed, and this could be effected With equal ease and oerlawty aftoi prolonged 
inhumation, oi oven after ei ematioii of the body A. H A 1 1 e n ( Year-Book 
Pharm., 1889, page 489). ■ 

1 It does not follow that the vermm-killor which contains the greatest 
weight oi the laigest piopoition of strychnine is the best for its purpose. 
Clearly, pure strychnine would be mefhoiont, and henoe the object should be 
to compound a mixture which will have the most powei ful poisoning effect 
compatible with its attractive and appetising character. To effect this, the 
bitter taste of the stiychnine should 1 be masked ns fai as possible, and a 
suitable odorant should be added This objeot seems to have been recognised 
in ono 1 instance, for the powder contained sugar and had a powerful smell 
of assafootida and oil of anise. Most of the vermm-killeis examined by the 
author have been odourless 
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due to it amount to many scores, and probably to hundreds 
The colouring-matter of Battle’s vermin-killer appears to have 
been uniformly prussian blue, but the following table shows 
that the composition ascribed to the preparation has varied in 
other respects at different periods ; — 



The inert matter of vernun-ldllers usually consists of rice-starch, 
though in some cases wheat-flour, and occasionally oatmeal, is 
substituted In one instance, the author found both nee and 
wheat starch, the powder being coloured with carmine 

Brucine. Bruoia. C 28 H 20 F 2 O 4 ; or C 22 H 18 (OGH 8 ) 2 

Brucme, occurs m association with strychnine m nux vomica, St 
Ignatius’ beans, and false angustuxa hark (page 360), The leaves 
of strychnos nine vomica are stated to contain brucme but no 
strychnine. 

In chemical constitution, brucine appears to be a dimethoxy- 
strychnme 1 2 3 

Brucia- occurs as a bitter, white, odourless, ciystallme or 
amorphous powder, or in groups of very delicate needles or four- 
sided prisms, containing 15 45 per cent of water ( = C 2g H 28 bT 2 O l -l- 

1 'W’oodniaii and Tidy state that sugar is a constituent of Battle’s 
vermin-killer This was certainly not the case in 1889. The proportion of 
strychnine (23 per cent ) given by Woodman and Tidy is hugely in excess of 

that found by other obseivers 

3 B a u s s a n finds that both strychnine and bruemo yield by oxidation with 
chromio acid mixture a body containing Cj 6 H 18 N 2 0 4 , and hence that the 
difference between the two alkaloids must be sought in tho residues, G 5 H 4 and 
0 7 H a 0 2 respectively, lemoved through the oxidation. The foimer of these is 
regaided as pointing to the piesenoe of a henzene nnoleua m stiyehume, winch 
nucleus in brucine is dimethoxylated. 
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4II 2 0) 1 When moderately heated the crystals melt and lose their 
water. According to G u y, .brucine melts at 115°, and sublimes 
at 204° C, the sublimate being usually amorphous According 
to Claus and Bo lire, after drying at 150°, brucine melts at 
178° 

Brucine is more soluble than stiycbnine m water, dissolvmg in 
1050 parts of cold, and less than half that proportion of boiling 
watei In alcohol it dissolves veiy leadily, a fact which is 
employed to separate it from strychnine Biucme dissolves m 
4 parts of chloroform, in 440 of ether, m 60 of benzene, and m 
120 of petroleum spirit It is insoluble m fixed caustic alkalies, 
and only sparingly m, excess of ammonia 

Brucine is a weaker base than strychnine, but is not extracted 
from acidulated solutions by immisoible solvents It resembles 
strychnine closely m its general characters, but is less poisonous, 
from 7 to 10 paits of brucine having the same physiological effect 
as 1 part of strychnine 2 It is excreted far more rapidly than 
strychnine, so that when given by tha stomach it produces little 
effect, though it is fatal when injected hypodermically (T Lauder 
Brunton, Join Gliem. Sac., xlvn 143) 3 Like strychnine, it is 
not acted on readily by cold sulphuric acul, or by caustic alkalies. 
It dissolves without decomposition m strong hydrochloric acid, and 
forms readily crysballisahle and soluble salts 

On passing nitrogen tnoxide into an alcoholic solution of brucine, 
brucine inflate at first separates, hut again dissolves, forming a 
red solution from which dimtiobrucme, C J3 H 24 (]N r 0 a ).,L T 2 0 4 , 
sepai ates as a heavy, granular, blood-red precipitate, By washing 
with alcohol and ether, it is obtained as an amoiphous, velvety, 
vernnllion-eoloured powder, easily soluble m water, sparingly in 
alcohol, and insoluble in ether. Tlie chloroplatinate is 
obtained os a yellow precipitate on adding platmic chlonde to the 
aqueous solution of dimtrohrucme (Glaus and Boh re, Ber,, 
xiv 765). 

Anat/vhcal Characters op Brucine. 

1 Biucme is precipitated m a free state on adding an alkali to 
the solution of one of its salts, and may then be taken up by 

1 Fi om analyses of their platoons compounds, Koefoed is of opinion tllat 
conuneicial bruune contains two homologous alkaloids 

8 According to Talk, the physiological activity of etiychnine is 3R-£ times 
greator than that of biueuie 

8 T. J Mays {Turn Physwl , vm 891) finds that, when frogs am poisoned, 
brucine primarily affects the postonoi and stiyoluuna theantanor extremities j 
convulsions occur very early and luvaiubly before death m strychnine poison- 
mg, and very lata or frequently not at all'm biucme poisoning 
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agitating the alkaline liquid with ether-chloroform in tho same way 
as strychnine (see page 364) 

2 Brucine forms a soluble chromate, a fact which is occasion- 
ally used to separate it from strychnine A better separation is 
effected by crystallising the free alkaloids from hot alcohol, or by 
converting them into ferrocyomdes (page 366) 

3. When treated with concentrated sulphuiic acid 1 and an 
oxidising agent, brucine does not give the coloured products so 
characteristic of strychnine 

4 The most satisfactory reaction of bracme is that with nitric 
acid On adding a drop or two of cold mtuc acid of 1 42 sp gr 
to an ether-chloroform residue, or other solid product containing 
brucine, a scarlet or blood-red coloration is produced, which on 
heating changes to yellowish red, and finally to yellow 2 If the 
mixture he now cooled and treated very cautiously with stannous 
chloride (or other reducing agent, such as sodium thiosulphate), a 
purple coloration is produced, which is destroyed by excess of 
either nitric acid or the tin salt 3 

The led coloiation of brucine by nitric acid may likewise be 
developed by dissolving the alkaloid in strong sulphuric aud in a 
test-tube, and allowing nitric acid to run on to the surface of the 
heavier liquid. A red zone, passing to yellow, will ho produced at 
the junction of the two liquids. If cold nitric acid he added to 
solid brucine, so as to develop the red colour, and the moisture be 
■ then largely 'diluted with' ‘‘water, a, -body realjed .kakotelm, 
C 20 H 22 (NO 2 ) 2 N 2 O 6 , separates m yellow flocks The Altered hqrnd, 
after neutiahsation by ammonia, gives a precipitate of calcium 
oxalate on being treated with calcium chloride The precipitated 
kakotelm may he dissolved in dilute hydrochloric acid, and crystal- 
lised therefrom m oiange-red or yellow scales. 

The pioduction of a red colour with nitric acid, accompanied by 
a foimation of oxalic acid and yellow scales or crystals, insoluble 
in water but soluble m dilute acids, constitutes a combined leactioa 
which is peculiar to brucine 

5 Biucme dissolves in chlonne-water with red colour. On 
evaporation, dichlorobrucme, C 28 H 24 C1 2 N 2 0 4 , remains as a 
reddish brown, amorphous mass 

6 Potassium bichromate throws down from solutions of brucine 

1 Acooidmg to some obsorveis, strong sulphuric acid unpaits to brucine a 
rose colom, wluoli changes first to yellow and then to yellowish gioen 

2 Strychnine, on the contrary, gives no coloiation with cold nitric acid, but 
dovelopes a yellow colour on wnrming 

8 Tho orange coloui produced by adding nitric acid to morphia remains 
unchanged on addition of stannous chloude 
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salts, even ■when very dilute, a yellow precipitate of brucine 
chromate, insoluble in acetic acid, but soluble with deep led colour , 
m strong nitric acid The microscopic appearance of brucine 
chromate is characteristic, and, together with its behaviour with 
nitric acid, distinguishes the precipitate from all others produced by 
the reagent 

7 The microscopic appearances of the precipitates produced m 
brucine solutions by platimc chloride and potassium femcyamde 
are also highly peculiar 

8. Potassium ferrocyamde only slowly precipitates acidulated 
brucine solutions, and affords the best means of quantitatively 
separating brucine from strychnine (page 366) 

Nux Vomica . 1 Poison-nuts. Quaker Buttons 

The seeds of Sti~ychios nux vomiaa are known by the above 
, names. Their appearance is highly characteristic. They have no 
odour, but taste intensely bitter 3 

If powdeved nux vomica seeds be moistened with water and 
examined with a low power, the characteristic fibrous hairs can he 
readily recognised They acquire a yellow colour on adding iodised 
potassium iodide, while the rest of the powder becomes brown 
Touched with strong nitric acid, the powder acquhes an orange-red 
colour, gradually destroyed on adding stannous chloride 

Nux vomica contains, in addition to the usual plant-constituents, 
the poisonous alkaloids strychnine and brucine, 8 a gliicoside 
called loganin, and a peculiar acid named sfcryohmc or 
igasuric acid 

Stbyohnicj or Igasurio Aoid appears to he a variety of tannin. 
It was obtained by Hohn (1873) as an amorphous yellowish- 
white mass qf strongly acid and somewhat astringent taste It 
gives a dark green coloration with ferric chloride, a white precipitate 
with load acetate, and rapidly reduces ammonio-nitrate of silver. 

1 French ; Noue vomiques Gorman , Ki&henangen, Brechvuss. 

s The powder of mu vomica hoe a gTayish-buff oolour, and, m the experi- 
ence of the autboi, has been sold by a registered druggist m mistake for 
jalap. Death has been caused by the sale of nux vomica foi lupionce powdei, 
which, by artificial light, is of somewhat similar appeaiance ( Phwrm. Jour., 
[3], m 401) 

3 If a microseopio section of nux vomica he treated with petioleum spirit to 
remove the fat, the parts containing brucine will then assume a bright red 
colour on being moistened with a mixture of solemc and nitric aoids To 
detect strychnine, the section is treated m succession with petroleum spmt 
and absolute alcohol (to lemova sugar and brucine), and then tested with a 
solution of cerium sulphate in sulphuric acid (0. Lindt, Chen Ocntr , 1884, 
page 498). 
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Loganin exists m mix vomica seeds, but moie largely (4 to 6 
per cent ) in tbe pulp m which they lie embedded in the fiuit. 
Duns tan and Short ( Pliaim Joui , [3], xiv 1026) obtained 
logamn m prismatic crystals by cooling tho liquid obtained by ex- 
hausting this substance with chloroform-alcohol (4 1) After re- 
cry8tallisation from alcohol, the crystals contained C 2B H 34 0 Ul an 
empirical formula identical with that of arbutm, from which, how- 
ever, logamn is distinguished by its much higher melting-point (above 
200° 0,), and by not yielding quinol with dilute sulphuric acid. 

Logamn is xeadily soluble m water and alcohol, but less so m 
ether, chloroform and benzene It developes no colour with nitric 
acid oi other oxidising agents, and the aqueous solution is not 
affected by solutions of lead, iron or silver, and does not reduce 
Fehhng’s solution Wien gently warmed with stiong sulphuric 
acid, logamn gives a fine red colour, changing to purple on stand- 
ing When boiled with dilute sulphuric acid, it yields a l educing 
glucose and loganetm, which latter body behaves with 
solvents and reagents very similarly to logamn itself 

Foi the assay of nux vomica, Dunstan and Short (Pham 
Jour , [3], mi, 666, 1066) lecommend that 6 grammes of the 
finely-divided seeds (previously dned at 100° G) should bo ex- 
hausted m a Soxhlet tube or its equivalent, for one or two horns, 
with a mixture of 40 cc of chloioform and 10 of alcohol 1 The 
solution is agitated with 26 o c of dilute sulphuric acid (5 per cent ), 
and the chloroform separated and again agitated with 10 ec of 
dilute acid The separated acid solutions are filtered, if necessary, 
rendered alkaline with ammonia, and shaken twice with chlorofoim, 
using 16 cc each time Tho chlorofornnc solution is separated, 
filteied, evaporated, and the residue dried at 100° foi about an hour, 
or till constant m weight The following results weie obtained . — 


Ueaoriptiou of Sample 

Collection 

Total Torooutago 
of Alkaloids 

Bombay, fine, .... 

1877 

3 46 

Bombay, oidmaiy, . 

1877 

3 14 

Bombay, 

1883 

3 90 

Cochin, , 

1887 

3 04 


1888 

8 60 

Madias, 

1877 

2 74 

Madias, .... 

1883 

3 16 

Avei&ge, 

3-29 


* This mixture ia described by the authors as one containing 26 per cent of 
ilcohol 
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ASSAY OF NUX VOMICA 


The alkaloid m powdered commercial mix vomica ranged from 
2 56 to 3 57 per cent 1 

Ether-cliloioform may be advantageously subatiLuted for un- 
mixed chloroform m the foregoing process, and the alkaloids 
may he conveniently titrated with a standard mineral acid and 
methyl-mange instead of being weighed One c.c of decmormal 
acid neutralises 0 0364 gramme of a mixture of brucine and strych- 
nine m molecular proportions (334 394). When desired, the 
stiychnme and biucine may be sepaiately determined as described 
on page 367 

Extract of JSTux Vomioa, BP, is diiected to be prepared by 
exhausting the dned and powdered seeds with somewhat diluted 
spirit (4 1), and evaporating the filtered liquid Foimerly the 
extract varied considerably m strength, twelve specimens of the 
commeicinl article examined byDunatan and Short ml884 
(Phaim Jour, [3], xiv 443) containing proportions of total 
alkaloids ranging from 10’32 to 17 54 per cent , while the ratio 
of strychnine to brucine varied fiom 1 1 up to 1 1 7 9. 2 On the 
other hand, the proportion of water only varied between 13 6 and 
19 7 per cent 3 

In the Pharmacopoeia of 18S5, the extract is directed to be 
standaidised so as to contain 15 per cent of total alkaloids Tor 
its assay, 10 grams of the extiact are directed to be dissolved in 
\ oz of water, heating gently if necessaiy, and a solution of 30 
grams of sodium carbonate m J oz of water added The solution 
is then agitated with \ oz of chloroform, which extracts the 
alkaloids Tins tieatment should be repeated (Phat m Juui , [3], 
xix 625), after which the chloiofoim is shaken with dilute acid, 
nnd this solution extracted with chloroform and ammonia m the 
mannei already described (page 385) 

As strychnine is greatly more active than biucine, and the 
relative proportions of the two alkaloids in the extract are by no 
means constant, it is questionable whether it would not be pio- 

1 Powdered mix vonuea lias frequently been diied at a tempenituie above 
100°, m winch case tbe obloiufonn alcohol extract often contains colourmg- 
mattoi u hub ultimately contaminates the alkaloid In such cases the brown 
colour may be lomoved by agitating tbe ohloioform-aleoliol solution with an 
aqueous solution of ciyatalhsed sodium carbonate (5 per oont ) before treating 
it with dilute aoid 

8 B eekui ts ( PJumn Jour , [8], xx 341) found in five samples of mix 
vomioa extract tbe ratio of stiyehmno to brucine varied only between 48 57 
and 54 46 

8 The absence of l elation between the total extractive mattei and the alka- 
loids of nux vomica lenders the official method of standaidismg the extraot 
Very unsatisfaotoiy 
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ferable to ascertain tlie piopoition of actual strychnine rather than 
that of the total alkaloids. 

G TP. Sell etch l ( Phaim Jour, [3], xiv 80 1) recommends 
for the rapid assay of nux vomica extract that 1 giamme be dis- 
solved m 30 cc of water, the solution acidulated with 1 c.c of 
hydrochlouc acid, warmed gently for half an houi, and allowed to 
cool It is then filtered and mado up to 100 cc Ten cc of 
this solution is then titiated with 555 Mayer’s solution (page 139), 
each c c of which rcpiesents 0 00184 giamme of mixed strychnine 
and brucine 1 The losulls by this process are stated to agiee 
’ closely with those obtained by the gravimetric method. 

hTux vomica extiact contains fioin 9 to about 20 per cent of 
water, and some specimens lose and others gam weight on exposure 

Tinctttke of Nux Vomica, B P , is directed to be prepared by 
dissolving the extiact 111 slightly diluted spirit, so as to contain 1 gram 
of total alkaloids m each fluid ounce , equivalent to 0 229 gram 
per 100 measuies. Dunstan and Short ( Yeai -Book Plica m , 
1883, p 476) found the specific giavity of twelve commeioial tinc- 
tures, obtained from the principal London mannfactuieis, to vary 
from 8377 to '8552 , the propoition of strychnine from 0 046 to 
0 131, with an average of 0 080 per cent , the luucmefrom 0 075 to 
0 239, averaging 0 130 pei cent. , and the total alkaloid from 0 124 
to 0 360, with an average of 0 218 per cent Before 1885, when 
the tincture was directed to be prepared from a duly standardised 
extract, its strength was very variable 2 The tinotuie of nux vomica 
may be assayed by evaporating the spirit from 50 cc, treating the 
residue with dilute sulphuric acid and chloroform, separating the 
acid, and extracting the alkaloids by ammonia and chloroform. 

Alkaloids of Curare. 

The Indian arrow-poison 2 known as curare, curari, 
wourali, woorara, or man is a poisonous extract prepaied 

1 The solution is piepared with 1 3E6 gramma of maicuno chloride and 4 98 
of potassium iodide m the litie 

a The piepaiation of the tincture of nut vomica fiom a standaidised estiaot 
has appaientlv failed to seem a uuiformity in its composition , foi of tueuty 
four samples of the commercial tincture purolmsed l>y N H Martin in 1886, 
nine mouths after the publication of the new edition of the Pltarmaeo/iwia, 
eleven showed by then pale yellow colour tliut Ihoy had been prepaied by the 
old process from the seeds, and oontnmed fiom 0 119 to 0 288 pci cent of total 
alkaloids , while the percentage of total alkaloids in the thnteen samples 
which by their light hiown colour showed they had heon prepaied from the 
ovtract, langed from 0 196 to 0 313 pei cent ( Ycm -Boole liiann , 1886, 
pngo 507) 

3 The intensely active anow-poison used by the pigmies met with by 
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from the hark of Stryclmos toxifora, a native of Guiana, together 
with other vegetable extracts 1 It oceuis in commerce as a black, 
shmmg, buttle, resinoid mass, of an intensely hitter taste About 
83 per cent is soluble m water, and 7 9 m diluted spmt A mixture 
of glycerin and diluted spirit dissolves 85 per cent , but it is only 
slightly acted on by ether or chloiofoim, even m presence of a fiee 
alkali Curare, as imported, varies much m stiength, and often con- 
tains calcium carbonate aud phosphate It is exceedingly poisonous, 
and should he handled with the utmost care Curare should never 
he allowed to come in contact with a cut or scratch, and, indeed, 
'-hould never he touched with the naked fingers, or powdered or 
manipulated m the diy state 

“ Much doubt exists as to the true nature of woorara According 
to "Waterton it is prepared from seveial different plants, two 
species of poisonous ants, and the fnngs of certain snakes , while 
Schombuigk states that it consists of vegetable matter alone, 
and chiefly of the baik of Sh ytihnos toxiferu That there are 
at least several varieties of this substance cunent among the dif- 
ferent tubes of Indians seems to be fully established , , and it 
is even probable that each tribe has its own method of prepanng the 
poison ” (T G W o r m 1 e y, Mia o-Ghemistry of Poisons) 

Curanne exercises both a paralysmg and totnmsmg action, but it 
appears to owe its chief poisonous propel ties to its action on the 
nerves of motion, which it paralyses, so that an animal under its 
influence dies of suffocation from paralysis of the muscles of the 
chest Hence its physiological effects closely lesemble those 
produced by metliyl-stiychmne Accoidmg to J Tillie, when 
the difficulties besetting the examination of the action of curare 
on the spinal cord are avoided, curare produces tetanus just like 
strychnine Curare appears not to act as a poison when, taken into 
the stomach, but when employed as a hypodermic injection ‘015 
gram has been found fatal to a rabbit, and 004 gram to a frog 
If, after administration of curare, life be mam tamed by artificial 
respiration, symptoms of diabetes mellitus are observed, and the 
mine is found to contain sugar 

Noithei strychnine nor brucine has been detected m curare, and 
that the paralysing effects of the preparation are not due to metliyl- 
stiychnme is apparently proved by the superior toxicity of the 
vegetable extract J Tillie ( Jowt Amt aud Physiol , 1890) 
attributes both the paralysing and tetamsmg action of curare to 

H M Stanley m Contial Afnoa is compounded from iivo plants Its toxic 
action is believed byE M Holmes to be due to erytlirophlceme and 
stiychnine (Fhmm. Jour., [3], xxi 917) 

1 Seo a valuable paper by J Moss, Phar m. Jour , [8], vm 121. 
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cumrine, but it seems not unpiobable that the preparation contains 
at least two active alkaloids, one having a paralysing and the other 
a tetamsuig action (as is the case with Calabar bean) 1 

Curare has been proposed as a lemady for hydrophobia and as 
an antidote to poisoning by strychnine 

Cubamne is the name given to the physiologically active base of 
curare, and the impiobable formula C 18 H SB N has been ascribed to 
it Curanne has been variously described by diflevent ohaerveis 
and it appears certain that the pioducts have been of very discordant 
chazacteis Cuianne is desciibed (1865) by Preyer (Chem 
News, xu 10) as ciystallismg m very hygroscopic four-sided pnsius, 
havmg a bitter taste, freely soluble m water and alcohol, only 
slightly so m chlorofoim and amylic alcohol, and insoluble in etliei, 
benzene, turpentine and carbon disulphide 

The aqueous and alcoholic solutions of curanne have a bittei 
taste and faintly alkaline leaction The base is saul to form 
crystallisable salts with hydrochloric, nitric, and acetic acids, 2 
The commercial cuianne piepared by Meick, according to Eohrn’s 
method, is desciibed as a yellowish brown, amorphous powclei of 
intensely bitter taste, easily soluble m watei and alcohol, but 
insoluble m ethei It shows no perceptible alkaline reaction, and 
forms no true salts, hut on evapoiating an aqueous solution m 
dilute acid to a syrup, acicular crystals of au inactive decomposi- 
tion-product are formed, whereas the lethal dose for guinea-pigs 
oi curanne itself is stated at 0 00035 gramme per kdogiamme of 
weight Concentrated sulphuric aeid dissolves Meiek’s curanne 
with crimson coloui, changed to bluish by potassium bichromate 
With strong mtnc acid Pieyer found ouiorme to give a purple 
coloration, and with concentrated sulphunc acid a magnificent 
and lasting blue colour C Bernard found the coloui with 
sulphuric acid to be a carmine-red. 

If a filtered and highly coneentiated solution of cuianne be 
mixed with dilute glycerin, and a saturated solution of potassium 
bichromate added, amorphous curanne chromate is precipitated. 
Even after solution m boiling water it is again deposited m an 
amorphous state, a fact which distinguishes it fiom stiychmne 
1 That the tetamsuig action of cuiaie is due to the species of StryJmos 
employed for its propitiation, and not to picrotoxin or otliei principles denyed 
fiom the vanous plants sometimes used in conjunction with it., is piaved by 
the fact that a genuine specimen of the baik of StrycJmos tomjem pioducod the 
same symptoms (.1 Tillie, Jam Anal and JPhynol , xxv 42, see also 
Nikolski and Dogial, Yam -Bool Pharrn , 1891, pago 198) 
a Acooidmg to Sachs {Annalcn, cxci. 254), Prayer’s ciystallme aural' ln« 
sulphate consisted of impure calcium phosphate (1) with meohamcally adhering 
ouranne 
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chromate, which forms well-defined crystals Curanne chromate 
is moro soluble m water than is strychnine clnomate, and is noyoi 
perfectly precipitated even by addition of glycerin 01 alcohol 

If the precipitate of curanne chromate bo kept for some time it 
decomposes, but if tieated without delay with concentiated 
sulphuric acid it developes a magnificent blue colour, which is 
often violet m the presence of impurities (Pelican observed a 
brilliant led coloration ) The reaction simulates that obtained m 
a similar manner with stiycbnuie, hut curanne can be separated 
from strychnine by rendering the cold solution alkaline with 
ammonia, and then filtering Strychnine will be found m the 
precipitate, whilst the cuiarme will lemam m the liquid, owing to 
its solubility m water The filtrate may be agitated with chloroform 
or benzene to lemove any trace of strychnine, the aqueous liquid 
concentrated and the curanne conveited into chiomate and tested 
fuither, as already described 

Curanne is very unstable, and hence its solution should bo 
subjected to as little manipulation hs possible 

Curinb exists, according to Bohm (Ber., xx 143), together 
with curanne m many specimens of commeicial curaie Cunne is 
said to exist m the aqueous extiact of cuvaio, though m some oasos 
dilute sulplmnc acid is requisite foi its complete solution Upon 
rendering the liquid slightly alkaline with ammonia, a dirty 
green precipitate of impure curine is found, which, by successive 
puufications with ether, alcohol, and again with ether, may be 
obtained m a micio-eiystallme condition Cunne is desenbed as 
melting at 160° to a cleai liquid, and being slightly soluble m cold 
water, fieely in alcohol, chloiofoini, and dilute acids, but less 
readily m other, Tho most chaiacteustic leaction of cuuno is the 
formation of a voluminous white precipitate with metaphosphono 
acid Cunne itself is stated by Bohm to be physiologically in- 
active (m doses of 5 to 10 iniUigiamnies), hut by treating it with 
methyl iodide he obtained the hydnodidc of a new base which 
possessed an intense curaie action, 1 milligramme killing a guinea- 
pig (weighing 1000 giammes) m one hour J Tillie (Joutn. 
Anat and Physiol , xxv, 42) states that cunne has no apparent 
action on motor neives, but when hypodermically injected acts on 
the heiuts of both frogs and labbits ns a paralysant similar to 
veiatime or digitalis As cunne is liable to bo present in curare 
in voiy vanablo proportions, its possible presence m commercial 
curarme must not be overlooked 
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CINCHONA ALKALOIDS . 1 

The various species 6f the family of plants known as the 
CmclwiiacecB yield an extraordinary number of closely analogous 
alkaloids. These bases exist chiefly, though not wholly, m the 
baik of the trees, and are remarkable for then' valuable febiifugo 
properties. 

The constitution of the cinchona bases is at piesent very imper- 
fectly understood Qumaniine and cupreine are known to contain 
hydroxyl-groups, and quinine and cinchonine and their isomers 
have been pioved to be derivatives of quinoline. An abstract of 
the existing knowledge of the subject is given on page 168 

Any satibf.ictoi y classification of the cinchona bases m the 
present nnpeifcct state of our knowledge of their constitution, and 
in some cases even of then empirical foimulse, is manifestly impos- 
sible Isomeiism is common, and on slight piovocation quinine 
and some otheis sillier polymeiisalion, with or without losing the 
elements of water, foirnmg nmoiphous “ apo-” 01 anhydro-basos 

Perhaps the most suggestive method of classifying the cinchona 
bases and tbeir allies is to airango them accoidmg to the number 
of atoms of oxygen m the molecule, and subdivide these classes 
according to other analogies 

The following (pages 392, 393) is a tabular list of the alkaloids 
hitherto isolated from the various species of cinchona and allied 
baiks. It contains the names of all the natural cinchona bases, 
the Existence of which as chemical individuals has been fauly 
well established up to the present time; but it must not bo sup- 
posed to include all that actually exist 

As is evident fiom the table, isomeiism is very common among 
the cinchona bases Thus the two best-known bases are qnwwse 
and cinchonine Isomerides of these bases coexist with them in 
tho baik, and are called lespectively qmmdma and cmchonsVZwe. 
It is piobable, howevei, that the base usually tamed cinchonidme 
presents the closest paiallelism with quinine, and that cinchonine 
is tho analogue of qmnidmc 

The foui bases above mentioned arc the chief ciystalli«able 
alkaloids of cinchona barks, but there exist with them, or are 
formed m the process of mnnufactuie, certain amoiphous isomendes 
called respectively qmmww and amchomciw It is doubtful how 
far these bases pre-exist m the baik, the natuial amoiphous alka- 
loids being piobably the anhydro-denvatives diquimcine and 

1 The author is indebted to Di B H Paul and Mr A. J Cownley ibi the 
peiuaal and collection ut this section 
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dicvnchonieine, and distinct fiom the amoiphous pioducts formed 
fiom the crys tall mlhe bases hy the action of heat 01 acids 

In addition to these isomers and anhydro-derrvatives of the 
cinchona bases, theie exist various homologuee and isologues of 
them. Quinine itself is piobably a methyl-cupieme and a 
m ethoxy- cinchonine 

Ceitam of the cinchona bases (eg, cupreine) exhibit a 
remaikable tendency to foim stable ciystallme compounds with 
other of the bases It is probable that the existence of these 
remaikable compounds, having different physical propeities m the 
form of salts as well as in the free state, has led to the isolation 
and description of various bases which will hereafter be found to 
be compounds 

The less important emchona bases have no recognised position 
in commeice 01 medicine, hut they aie liable to be piesent to a 
greater or less extent in specimens of commoicinl alkaloids called 
by the bettei -known names Commeicial quinine is liable to 
retain traces of cuioliomne, quimdme and hydioquunno, and 
generally contains notable propoitious of cinehonidme Hydio- 
cinohomdme is sometimes present m commeicial cinehonidme, 
while quimdme contauis hydioquinidmo and hydioqumme 
Quinanune and conqumamme are piobably not unfiequently present 
m commercial cinchona alkaloids 

General Properties of Cinchona Bases. 

The cinchona alkaloids all havo well-defined basic charaoteis, 
some of them being sufficiently poweiful to displace ammonia from 
its compounds. Then salts aie usually ciystullisablo 

In the fiee state, the cinchona alkaloids aie colouiless oi famtly- 
yellow solids, often readily fusible, but not volatile without 
decomposition They have geneially but little solubility m water, 
hut dissolve more readily in alcohol, and generally with gieat 
facility in ethei and chloroform Such as aie soluble in the lust two 
liquids are lemoved fiom their ammomacal solutions by agitation 
with ether 01 chloiofoim, but in no ease will ethei 01 chloroform 
remove them from an aqueous solution acidulated with sulphuric 
01 liydi'ocliloiio acid On the other hand, the anhydrous sulphates 
of many of the cmchona alkaloids are soluble in chloiofoim, and 
still moie leadily in a mixture of chlorofoim and absolute alcohol 
This fact is sometimes utilised for detecting adulterations (p 417 ) 

The solutions of some of the cinchona alkaloids m excess of 
dduto 8 ulpliunc acid exhibit a strong blue fluorescence, which is 
visible even in very dilute liquids. This fluaiescence is destroyed 
by adding an excess of chloride of sodium or other haloid salt. 
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Tho solutions of the cinchona alkaloids exalt a well-marked 
rotatoiy at fcion on polarised light, the lotation being in some cases 
right- and m otliais left-handed The specific lotation is affected 
in a remarkable manner by the solvent employed and by the pro- 
portion of free acid present, which circumstances greatly reduce 
the practical value of the optical activity for the identification and 
quantitative determination of the unmixed alkaloids. 

On adding a fixed alkali, alkaline carbonate or ammonia to the 
solution of a salt of ono of the cinchona bases, the sparingly soluble 
alkaloid is usually sepaiated in a free state, and is in some cases 
soluble m an excess of the precipitant On agitating the alkaline 
liquid with chloioform, the pi capitated alkaloid is usually dis- 
solved, 1 and may be recoveied in a fiee state by separating the 
chloroform, and evapoiatmg it to diyness at a steam-heat By 
adding moie chloiofoim to the aqueous liquid, and repeating the 
agitation, the complete extraction of the alkaloid may be ensuied, 
and the piocess made quantilatn e (ate page 419) Ether may be 
substituted foi chloioform m tho case of qumme and other 
alkaloids readily dissolved by it 

The cinchona bases are tertmiy amines; for when tieated uitli 
an alkyl iodide they foim additive-compounds which aie conveitod 
by tieatment with oxide of silvei into powerful soluble bases 
analogous to the tetiethy 1-ammonium hydroxido (page 19) 

Many of the cinchona alkaloids foim two senes of salts , neutral 
(improperly colled “ basic ”), and acid salts. The neutral sulphates 1 
of the cinchona alkaloids hove, when onhydrous, the geueial formula 
B 2 H 2 S0 4 . They have a nentral reaction to litmus and methyl- 
orange, and are generally very sparingly soluble m water, but the 
corresponding acid or bi-sulphates (BH 2 S0 4 ) are geneially readily 
soluble. In some cases still moie acid sulphates are known 

The sulphates of many of the cinchona bases possess the pioperty 
of combining with iodine, the compounds piodueed being m some 
cases of a very complex character. Certain of these “lodo- 
sulphates,” of which the quinine compound orherepathito 
is the type, possess the remarkable optical properties of tho tour- 
maline (see pago 103) 

When a salt of one of the natural cinchona bases is heated for 
a piolonged period to a high tempeiature, the alkaloid undergoes a 
curious change. It becomes incapable of ciystallismg, a property 
sometimes extending to its salts The change occurs most readily 
by exposing the acid sulphate of the alkaloid to a temperature of 
100° till anhydrous, and then increasing the heat for some tune 
1 This is not tho case with cuprcmo and some other alkaloids, which form 
dofinite compounds with the fixed alkalies m the same manner as moiphme 
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to about 130° C Wo means aie at present known by winch the 
modified alkaloid can be restored to its original crystallisable con- 
dition 

“When the cinchona bases are heated with stiong hydrochloric 
acid (sp gr. 1 126) to 160° for six to ten hours, they are converted 
into apo- oi anhydro-derivatives of basic character, the change in 
the case of quinine and qumidme being attended with evolution 
of methyl chloride (Hesse, Annul , ccv 314) 

When the sulphates of quinine, cinchonine, and cinchoindme 
aie dissolved in concentrated sulphuric acid at the oidmaiy tem- 
perature, they aie converted into "iso-bases” (Hesse, Annul , 
ccxlin 131), winch differ m several respects from the parent 
alkaloids Hydroquinine, hydroqumidme, and hydrocinchonidme 
are converted by the same treatment into the correspondmg sul- 
phonic acids, which are compounds of distinct basic character 

With platimc chloride, the hydrochlorides of the cinchona bases 
form chloroplatmates of the geneial formula BH 2 PtCl 6 , 
but many of them also foim salts containing B 2 H 2 PtCl 6 Salts of 
this constitution are produced on adding sodio-platmic cklonde to 
neutral solutions of quinine, qumidme, cmchonidme, and homo- 
cmchonidme (Hesse, Anna ! , ccvu 922) The auio-chlo- 
rides of the cinchona bases are mostly unstable, and liable to 
speedy decomposition with separation of finely-divided metallic gold 

Certain of the cinchona bases give a deep green coloration or 
precipitate when then- solutions are treated with chlorine or 
bromine water, and ammonia subsequently added This leaction 
is known as the “thalleioqum test” (see also page 401) 

Most of the cinchona bases aie veiy completely piecipitated by 
tannic and picric acids, potassio-mercunc iodide, and certain other 
reagents These reactions are sometimes used for their dotection 
and separation 

On treatment m solution with bromine-water m slight excess, 
the cinchona bases aie converted into bromo-derivatives 
The number of atoms of bromine taken up varies with the con- 
stitution of the alkaloid According to T Pawssott ( Phaim 
Jour, [3], xix. 916), quinine, qumidme, and cupreine react with 
approximately Bi a , hydroquinme with Br 4 , and cinchonine, cmchoni- 
dme, and “ amoipkous quinine ’’ with Br 2 On heating the cinchona 
bases, oi their hydrochlorides or sulphates, with acetic anhydride 
to about 80° C foi a few hours, they are converted into acetyl- 
dcrivatives (Wright and Beckett, Join Qhem Soo, 
xxix 655, O Hesse, Anna/ , ccv 314) With the exception of 
the acetyl-denvative of quinine, all these fcomponnds are amorphous. 
They can be dried at 100° without change, are readily soluble m 
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dilute acids, and are thrown down as lesinnus precipitates by 
alkalies On treatment with alcoholic potash they aie hydiolysed 
into acetic acid and the original bases The acetyl-derivatives of 
quinine and quinidine give the thalleioqiun reaction 

The more important properties of the leading cinchona alkaloids 
may be summaiiaed as follows • — 


A- 


'Eyd'iated crystals are formed by Quinine, Qinuidmc, Paytmo, Cupreine, 
Cuseomue, Ohauanuno 

Anhydrous crystals aie formed by Cmcliomno, Cmehomdine, Qiunamiue. 
k Noaystals niefoimed by Paucme, Quimcmo, Diqiumoiue, Dicmchomcine 
' Readily soluble m Mho —Quinine, Qumamme, Paytme, Qiumome, Java 


Sparingly soluble in Ether — Cinchonidine, Qmmdmo, Cupreine 
! Almost insoluble in Ethel — Omchonmo 


rDextio-iotalory solutions in alcohol arc foimod by Cmcliomno, Cinchou- 
amme, Qumamme, Qnmidme, Chauamme, Qiumome, Piquim- 


0 




Lccvo-rotatory solutions m alcohol aie foimod by Cmehomdine, Ilydio- 
emohomdme, Homoomolionidine, Paytmo, Cupieiue, Quinine, 
t Hydroquimne, Cuscomne, Ancmo 

(Fluorescent solutions m dilute snlpliuuc acid mo foimod hy Quinmo, 
| Qnmidme, Hydioqnmmo, Hydioquinidme. Diqmmcino 

No ftuoiescence is exhibited by solutions of Omchonmo, Cmohonulmo, 
| Hydrocinchonidmo, Homocmchonidine, Qmiuniino, Qiumoino, Diem 

l chonicme, Cuscomne, Cupiemc 


( Thalleioguvn, is foimed by Quinmo, Qtumdmo, Qiumome, Diquimcmc, 
Hydioqumme, Hydioquinidme, Cnpieme 
Thallewqum is not formed by Apoqumidmo, Cmehonme, Cmelionidmc, 
Homocinohomdme, Hydiocmciiomdiiie, Cmohomcme, Dicmolioni- 
cme, Qumamme, Cmchonamme 


Quinine. Qumia 

C 20 H 24 N 2 O 2 , or C„H 6 (0 CH 3 )N C n H n (OH)N CH 8 
Quinine is the most impoitant of the cinchona liases, and appears 
to possess the most powei fully febrifuge properties Its mode of 
pieparation from the bark is based on the same punciples as its 
determination in the same. 1 

1 The finely-pnwdered bail? is giound to a thin paste ttith lime, caus tio sods, 
or sodium carbonate, and extiactcd with waim pninffin oil Oil standing the 
oil sepaiates, when' it is mn off and sliakon with snlphtmo acid , this solution 
is boiled, and whilst boiling is neutralised with sodium eailionate and allotted 
to cool Quinine sulphate ciystalhses out on cooling, whilst cinohoiudine, 
cmehonme, and quimdmc remain in solution as sulphates The quinine sul- 
phate is purified by recrystallisation aftoi tiontmont witli animal chaicoa] 
The mothei liquoi contanung the other alkaloids is tieated with caustic soda, 
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The chemical constitution of quinine is not thoroughly under- 
stood, but such knowledge as exists is epitomised on page 168 
The complete synthesis of the alkaloid has not hitherto been 
effected, hut cupreine has been apparently converted into quinine 
by the introduction of a methyl-group 1 Two distinct bodies 
isomeric with quinine have been synthetically piepared (page 
169) 

Free quinine usually appears as an amorphous or resinous mass 
In commerce the tree alkaloid is usually met with as a coarse 
powdei, having a biownisli yellow tint owing to a trace of colour- 
ing-matter It may also he obtained as a fine white powder 

From alcohol and some other solvents quinine may ho obtained 
in crystals, hut on the evaporation of its ethereal solution it 
separates as a gelatinous or lesinoid mass, which is never crystal- 
line This behaviour is important, as most other cinchona bases 
give crystalline ethei-iesidues. 

As obtained by the precipitation of one of its salts by an 
alkali, quinine foims a bulky, white precipitate, which coagu- 
lates into a resmoid mass by very slight elevation m temperature 
According to 0 Hesse the precipitate at first formed at the 
ordinary temperature is amorphous and anhydrous, but it soon 
takes up water and becomes crystalline It then contains 3 aqua, 
If the ammonia be added in large excess, and the solution is not 
too concentrated, the tnhydrate is obtained in small needles, 


and ex ti acted with weak alcohol Ot the three liases precipitated by the 
alkali, qiunidme and emchomdme M dissolved by the spu it, whilst emchomno 
is left behind , the two foi mor can then he sepaiatod by means of thoir noutial 
taitratoa, that of qmmdine being consideiably the more soluble 
Chemically puie quinine is manufactured by preparing the acid sulphate, 
which aftei undergoing sufficient purification is reconvoitcd into the noutial 
salt The consumption of quinine amounts to 200,000 kilos annually Thu 
Ceylon bark yields about 2 4 per cent ot quinine mlpliato , Java balk, 4 to 9 
por cent , and even up to 13 per cent The more recent cultivations of cinchona 
baik m Peru and Dolma are ot special lmpoitanoe, such hails yields about 
4 to 5 per cent, of sulphate of quinine —Chem Zot , xv 73<> 

J^rimanx md Aiiio^ °° mpi Mnd ’ 0X11 7H WIlen a solution of 
supreme m methyl alcohol is boiled foi seveial Injure undei an upright eou- 
deusei, with the theoretical quantity of sodium and excess of mothyl iodide a 
MmSimi fchy lt' iS ™ 3 , obta,ned > hav «S “h the ebaiaotere of the 
3 ® Slml lal tloatmeut of by substituting 

r °; lodldfl . and opfiatmg m a sealed tube at 100°, a base 

oi ouinm L «'„ n) S, r P m / , S 1 0h lmd aU the chflnueal aTli P U y«cal characters 
quinine sulphate, the following reaction having piobably oecuired 
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and the same compound can be obtained from an ethereal solution 
below 1 0 D But the resinoid mass left on the spontaneous evapora- 
tion of a solution of quinine m ether usually contains water in 
proportion corresponding to a mono hydrate, and when the 
crystallised trihydiate is exposed m an exsiccator ovei sulphuric 
acid, it effloresces and loses its water more 01 less perfectly At 
20° C , over strong sulphuric acid, the tnhydrate soon loses the 
whole of its water, but over equal measures of strong sulphuric 
acid and water a monobydrate results At 15° C, in the open 
air, the tnhydrate is unaltered, but at 20° C it effloresces and 
loses 1 aqua, the residue having the composition of a d l h y d r a t o 
Commercial quinine contains from 8 to 11 per cent of water, and 
lienee is approximately a dihydiate. The piecipitate produced by 
ammonia at a low tomperatuie m concentrated solutions of quinine 
sulphate is also usually a dihydiate Hydrates of quinine con- 
taining 8 and 9 aqua have also been described When the tn- 
hydrate is exposed to a temperature of 40° for a shoit tune, and 
then to 60°, the whole of the watei is driven off, and this change 
occurs rapidly at 100°. Resinoid quinine loses its water with 
some difficulty at 100° unless previously powdeicd, but at 120° 
becomes anhydrous very rapidly (see Pharm. Jour , [3], xvi 385, 
897, 937) 

Anhydrous quinine, obtained by chymg the tuliydinte over 
sulphuric acid and heating to 115°-120°, melts at 171 2°-172°, 
and that prepared by beating the benzene compound to 120° at 
I7l6°-172°i 

Quinine is odouiless When m solution or finely-dividod it 
has an intense and purely bitter taste It has valuable febrifuge 
properties, and is poisonous to frogs and other of the lower 
animals, It has decided antisoptic properties, retarding or arrest- 
ing the alcoholic, lactic, butyric, amygdalous, and salicylous fer- 
mentations, but not the digestive action of pepsin. 

Quinine is very sparingly soluble m walei, accoidmg to J 
Regnauld the solubility at 15° C being 1 paifc m 2024 
According to S e s 1 1 n i, however, the solubility of the anhydrous 
alkaloid in water is 1 in 1667 at 20° and 1 in 902 at 100° C, 
the tnhydrate requmng 1428 and 773 ports of watei at the same 
temperatures. 

In diluto solutions of tho fixed alkalies quinine is not nioie 

1 Accoidmg to Hosse {Anna! , eelviu 133) on prolonged floating of n solu- 
non of quinine in alcohol to 30° the alkaloid is converted into an isomeudo 
for which he proposes the unsuitable name of tomopiinine Tins melts 
at 1 74 4°-I76°, and is reconverted into quinine by piolongod boating with dilate 
sulphuric acid 
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soluble than in pure water, hut ammonia exercises considerably 
greater solvent action Certain ammonium and calcium salts 
notably increase the solubility of qumme m aqueous liquids 

Quinine dissolves in about two parts of alcohol of 0 82 sp. gr , 
and is still moie solublo in boiling alcohol Crystallised quinine 
is stated to lequire from 22 to 30 parts of ether for solution, but 
freshly-precipitated qumme dissolves m little more than its own 
weight of ether Qumme is also very soluble m chloroform 
(1 . 5), and dissolves readily in benzene 1 and carbon disulphide 
It is only sparingly soluble in petroleum spirit, even when hot. 

Qumme exercises a powerful lsevo-rotatory action on polarised 
light, the value of S D bemg, according to Hesse-145 2 
—0 667 c at 15° C, for the solution of the hydrated alkaloid m 
97 per cent alcohol In its salts, the optical activity of qumme 
has different values 

Qumme affords no visible colour oi other reactions with strong 
acids By cautiously dissolving qumme hydrate or sulphate in a 
mixture of equal volumes of concentrated nitric and sulphuric 
acids, amorphous dmitroquinine, C 20 Tr 22 (lI 0 2 ) 2 hT 3 0 2 , is pro- 
duced, nearly insoluble in ether and forming uncrystallisahle 
salts (E H Bennie, Jour Gliern Soc , xxxix 4697 The action 
of permanganate and chromic acid mixture on quinine is described 
on page 168. 

Quinine is a powerful base, its solutions having a maiked 
alkaline reaction to litmus and methyl-orange, and neutralising the 
strongest acids It does not redden phenolphthalem 

Detection and Determination of Quinine 

The detection and estimation of qumme, when it occurs unmixed 
with other alkaloids or organic matter, is very leadily effected, but 
the problem becomes more complex m the presence of other 
cinchona bases 

The following reactions are yielded by a solution of qumme in 
a moderate excess of dilute sulphuric acid — 

1. Solutions of qumme in dilute sulphuric acid exhibit a 
strong blue fluorescence The effect is best observed in very 
dilute liquids, and is intensified by addition of excess of sulphuric 
acid The hydrochloride and other haloid compounds of quinine 
(including the thiosulphate and cyanogen compounds) exhibit no 
fluorescence till excess of sulphuric acid is added, and the fluores- 
cence of solutions of the sulphate is destroyed by very small 
quantities of hydiochlonc acid or other chlorides, hut can he again 
produced by adding excess of dilute sulphuric acid Alcoholic 
1 Quinine is deposited from its solution m waim benzene in crystals contain- 
ing (C m H w N„0 3 ) 2 ,C (1 IT 6l 2aq (Chem. News, xlvm. 4). 
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solutions of quinine exhibit but little fluorescence, and solution, s iu 
the alkaloid in immiscible solvents none at all "Under favourable 
conditions, the fluoiescence of quinine becomes an extremely 
delicate test for the piesence of the alkaloid 1 Pluoiescence is 
also produced by qumidme, hydroqumine and hydroqumidme, 
and diquuncine, but not by qiunamme, cinchonine 01 its isomeis, 
cuacomne, cupreine, or quinicme. 

2 According to A Weller (Arch d Pharm, ccxxiv 161), 
on adding chlorine-water to a strong solution of quinine the solu- 
tion acquires a moie or less mtense red colour Bionune-water 
is a preferable reagent, and on adding a few drops to a saturated 
solution of quinine hydiochlonde a yellow precipitate is formed, 
which gradually disappears with formation of a rose-ied coloiation, 
changing to clieiry-red The colour disappears after a tune, hut 
can be reproduced by adding more bionune-water, and the reaction 
is more delicate and piom.pt if the quinine solution ho pieviously 
gently warmed Acids and excess of bromme-watei pievunt the 
reaction, which is also produced by quundme, but not by 
cinchonine or cmckonidme 

3. If a solution of quinine, rendered as nearly neutral ns 
possible, be treated hrst with cliloune or bromine, and then with 
excess of ammonia, a green substance called thalleioqum is 
produced, which m concentrated solutions forms a precipitate, and 
m more dilute a deep green liquid When carefully applied, the 
test, which is due to Braude, is extremely delicate Bionnuo 
is a more sensitive reagent than chlorine. The following is the 
best mode of applying the test. — To 10 cc of the solution of 
quinine add 3 c c of chlorine-water, or 0 5 c c of saturated 
bromine-water Agitate well, and then add one drop of stioug 
ammonia solution, or sufficient to render the liquid distinctly 
alkaline If the pioportion of quinine exceed about 1 pci 1000 
of solution, a green substance is precipitated, soluble m absolute 

1 The fluorescence of quinine is best observed by holding a test tube filled 
with the solution, in a vertical position before a window, when a bluish 
“bloom ” will be peiceived on obaeivmg the liquid fiom abovo against a daik 
background Another plan is to make a thick streak ol tlio solution on a 
piece of polished jet or black nimble, ol on a plato of glass smoked at tlio 
back, and to place the atieaked suifaee in fiont of, and at light .uighs to. a 
well-lighted window 

The fluoiescence of qumino solutions is not perceptible by gas-light, but 
may be brought ont by burning a piece of magnesium nbbon m the pioper 
position The use of blue glass, which tiansmits the ultra violet rays which 
produce the fluoiescence of qumino, wlule oxoludmg the less refrangible lays, 
is sometimes leoommended In this caso the light transmitted by tlio glass 
fhould be concentiated by means of a lens 
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alcohol, hut insoluble in ether or chloroform. In more dilute 
liquids, even if the proportion of quinine does not exceed 1 m 
20,000, a deep green coloration is produced If the green am- 
moniacal solution be just neutralised with acid, a blue coloration is 
obtained, and on adding more acid a colour ranging from violet to 
red, but changing to green again on adding excess of ammonia 

H Trimble has proposed to use this reaction for the approxi- 
mate colonmetnc determination of quimno. He dissolves 0 01 
gramme of a quinine salt m 6 c c of fresh chlorine-water, and 
adds 10 cc of ammonia solution The sample is treated m the 
samo way, and the proportion of quinine ascertained from the 
relative volumes of the liquids when coloured equally intensely. 

The thalleioqmn reaction is also given by qumidme, cnpiemr, 
hydi'oquimne, hydroqumidme and diqumicme, but not by qumamme, 
or cinchonine and its isomers It is prevented by morphine. 

4 If, after the addition of chlonne or biomme water, the 
quinine’ solution be tieated with a few drops of solution of potas- 
sium ferro- or fern-cyanide, ammonia being subsequently added, a 
red coloration is produced instead of a green The reaction is not 
so delicate sb the thalleioqmn test, but affoids useful confirmatory 
evidence of the presence of quinine A Vogel modifies the test 
by addmg bromme-water and potassium ferrocyamde to the solu- 
tion to he tested, and then shaking with a fragment of marble, 
which, m piesence of quinine, is ah once coveied with a rod film 
Strychnine, cinchonine, and caffeine do not give similar reactions 

5 On adding a fixed alkali, alkaline carbonate, or ammonia to 
a solution of a salt of quinine, a bulky white precipitate of the 
fiee alkaloid (moie or less hydiated) is pioduced The precipitate 
is veiy spaimgly soluble in cold water or excess of these 
precipitants, with the exception of ammonia The precipitate 
cannot he conveniently filtered off, washed, and weighed, as it is 
not wholly insoluble, and melts with veiy slight increase of tem- 
peratuie Its state of hydration is also very uncertain But, if 
the liquid containing the precipitated alkaloid he agitated with 
ether or chloioform, or a mixture of the two, the quinine passes 
readily and completely into solution, and may he obtained m the 
solid state by evaporating the solvent. The process is readily 
made quantitative by opeiatmg with caie and repeating the agita- 
tion with the solvent, and the quinine may he weighed m the 
anhydious state as C 20 H 24 N 2 O 2 , after being dried at 100° C till 
constant m weight , 'or after exposure for fifteen or twenty minutes 
to a temperature of 120° C. The determination of quinine m this 
manner is capable of yielding very accurate results, and is of veiy 
extensive and Tapid application 
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6. When quinine exists m a free state, as it is obtained ui 
process 5 by the evaporation of its solution in ether or chloroform, 
it may be determined by titration "with standard acid Each 1 c c 
of decmormal sulphuric acid ( = 49 grammes of II 2 S0 4 per litre) 
corresponds to 0324 gramme of anhydrous quinine The process 
is conducted hy dissolving the ether-iesidue in hot alcohol, adding 
as much water as can he used without causing precipitation, and 
titrating with decmormal acid The mdicator may he litmus, hut 
methyl-orange or cochineal is decidedly prefeiable Sharp readings 
are obtainable, but extreme care is necessary, owing to the very 
high combining- weight of qumme (C 20 H 24 N 2 O 2 = 324). When 
methyl-orange is employed, the alkaloid may be conveniently used 
m ethereal solution, and m this case previous evaporation, as 
described under 5, is unnecessary, provided the ethereal solution 
be washed with water till the aqueous liquid gives no pink colora- 
tion with plienolphthalem 1 The titration by standaid acid, of 
course, merely indicates the total alkaloid present, m terms of 
quinine The process furnishes a very useful check on the deter- 
mination from the weight of the chloroform or ether-residue, and 
brings the alkaloid into a convenient form for further exanunation 
hy one of the following processes — 

7 On adding tincture of iodine to a solution of acid sulphate of 
quinine ui dilute alcohol, a curious compound is produced, called, 
after its discoverer, II e r e p a t h 1 1 e, and having the formula 
4C 20 H 24 N 2 O 2 ,3H 2 SO 4 ,2HI,I 4 +3aq. 2 This body, called also the 
lodo-sulphate of quinine or sulphate of lodo- 
quinine, is the type of a series of similar bodies formed by the 
action of iodine on the sulphates of the cinchona bases Hore- 
pathite is but little soluble m cold water or dilute alcohol, and 
requires 1000 parts of hot water for solution, hut it dissolves m 
boiling rectified spirit, and is deposited on cooling in tabular 
crystals, remarkable for their dichroism and their action on light, 

1 As quinine has no action on plienolphthalem, by the combined nso of this 
indicator and methyl-oiange it maybe determined m its salts Standaid 45 
baryta-water is added to the aqueous liquid until tho change of tlio liquid to 
yellow or biown shows that tho free acid is neutiahsed More baryta is then 
added slowly, with constant stilling, till the production of a pink coloui shows 
that the whole of the acid m combination with tha alkaloid ie neutiahsed 
Each I c o. of additional -gs alkali leqnued lepreaenta 0 0162 giamrae of 
qumme The process hae been used by 8 o a t o n and Richmond tor deter- 
mining qumme in medicines (Analyst, xv 43) 

2 Heiepatlute may be readily prepaicd by dissolving the sulphatB of qtiinme 
m 10 parts of proof spirit containing 6 per cent of snlphnuc acid, and adding 
an alooholic solution of iodine as long as a black precipitate is produced. The 
piecipitate is filtered off, washed, and recryetallised from liot alcohol 
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a thm film of heiepatlute polarising the transmitted light as 
completely as the tourmaline Herepathite is re-converted into 
sulphate of quinine hy treatment with sulphurous acid, thio- 
sulphates, sulphuretted hydrogen, and other reducing agents 

Iodosulphato of quinine possesses far less solubility than the 
corresponding compounds of the other cinchona bases 1 This fact 
has been utilised by J E de Vrij for the determination of 
quinine ( Pluirm Jour, [3], vx 461) 

With the pure alkaloid the method is capable of yielding 
toleiably accurate results if a correction for solubility he applied, 
but investigations by A Christensen, BY Shimoyama 
and others have shown the process to have a limi ted piactical value, 
as it is seriously invalidated by the presence of cmchomclme ( Pharm 
Jour, [3], xn 441, 1016, xvi 205, xvn 654) De Vry’s 
most recent method of operating is described on page 456 

E B Stuart {Phann Jour, [3], xu 1016) finds the here- 
pathite reaction equally delicate with the thalleioquin test, and quite 
as easy of application The salt of quinine should he dissolved m 
dilute alcohol, and dilute sulphuric acid, the presence of which is 
essential, added Very dilute tincture of iodine is then added, 
drop by drop, with constant agitation, when the precipitate suddenly 

1 B. Y Shimoyama ( Pharm Jaw, [S], xvi 206) gives the following 
figures for the solubility of quinine heiepatlute m 90 pet cent, alcohol at 
diffeient tempeiatures — 



The solubilities of the lodosnlphates of the principal cinchona alkaloids m 
aoidulated alcohol at 16“ C weie found to be as follow — 
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appeals and quickly subsides. Precipitation as herepatlute may 
be used with advantage for separating quinine fiom moiphine 
even when the relative proportions are as 1 . 1000 

8, In 1862, Andr4 {Jour, de Pliaim, xii 341) described a 
method of estimating quinine and separating it from other cin- 
chona bases by precipitation as the chromate, which is stated 
to be soluble m 160 parts of boiling water or 2400 of water at 
15° C, and not liable to alteration by light or on boiling an 
aqueous solution A method of assaying quinine, baaed on the 
same principle, was described m 1887 by J E de Vrij {A) ah, 
Pham,, [3], xxiv. 1073), who attributes to the precipitate the 
foimula (G 20 H 24 N 2 O„) a H 2 CrO 4 , and states that it is soluble m 2733 
parts of water at 12 , oi 2000 parts at 16° C He directs that 5 
grammes of quinine sulphate should be dissolved m 500 c.c of hot 
water, and a solution of 1 2 gramme of neutral potassium chromate 
m a little warm water added. After standing m the cold for 
twelve hours, tho precipitate is filtered off, washed with cold water, 
and weighed after drying m the air A correction of 0 005 gramme 
is made for every 1 0 c c of mother-liquor and wash watei This 
method has been severely criticised by O Hesse (Phm m Joui , 
[3], xvn 585, 665 , xvm 582), who finds tho precipitated 
chi ornate of quinine to contain 2 aqua, which fact accounts for 
some experimenters, working according to de Vrij’s directions, 
having obtained an apparent excess of quinine On the other 
hand, cmohonichne and hydroqumine are in part thrown down 
with the quinine, which renders tho method inapplicable for 
separating quinine from its most constant associates 

Quinme is distinguished ; — 

1 Erom cinchonine, a, by its fluorescence, h, its lrovo- 
rotfttion, o, the thalleioqum test, d, the crystallisation of tho 
sulphate , e, its solubility m ether ; /, its solubility m ammonia , 
g, the sparing solubility of the lodosulphato 

2 Erom cmohomdine by most of the above loactions, 
except b, and less sharply than cinchonine by those tests depending 
on relative solubility {d, e, /, g) 

3 Erom quimdme by b, d, /, q , also by (h) yielding no 
precipitate with potassium iodide, and (i) the insolubility of the 
sulphate m chloroform 

4 Erom qumamme by b, e , j, precipitation as tartrate; 
and Jc, the sparing solubility of the sulphate 

5 Erom cupreine by a, and (Z) the insolubility of the 
precipitated alkaloid m excess of soda 

Methods for the separation of quinine from the associated 
cinchona bases are given on pages 411, 453, et seq 



QUININE SULPHATE 


The separation of quinine from morphine may bo effected, as 
already stated (page 405), by precipitation as herepatbite , also 
by treating tbe free alkaloids with chloroform or etlW, which 
leaves the morphine undissolved 

From strychnine, qumme may he separated as mdicated under 
“ Easton’s syrup” (page 377) 

Salts of Quinine. 

Qumme is a strong base, completely neutralising acids, and 
forming crystal) isable salts having no reaction on litmus or methyl- 
orange These salts react with phenolphthalein as if the acid 
weie m an unconibined state Quinine also forms a senes of acid 
salts, of which the acid sulphate of qumme is the type 

Several of the salts of quinine are official in tho Pharmacopoeia , 
and otheis aTe extensively used m medicine 

Qumme Sulphate. Diqumic sulphate (C 20 H 24 N' 2 O 2 ) 2 H 2 SO 4 This 
important salt, sometimes called " d i s u 1 p b a t e ” ' or “basic 
s n 1 p h a t e ” of quinine, forms, m the hydiated state, the ordinary 
medicinal sulphate of quinine of commerce 

Sulphate of qumme is usually met with in exceedingly light 
scales, or long, flexible filifoim needles, 1 having a nacreous aspect 
and a pure and intensely bitter taste 

The crystallised sulphate Qf qiunme of commerce usually con- 
tains about 14 5 per cent of water, a proportion, which corre- 
sponds closely to a 7-atom hydrate, which requires 14 45 per cent, 
According to some authorities, however, the wholly uneffloresced 
crystals contain 8 aqua, or at any late 7£ aqua 2 HB. Parsons 

1 Chemically pme quinine sulphate, free fiorn hydioquinine, ciystalkses m 
Jieavy needles jesemblmg sulphate of zinc The light cliaiactei of tho com- 
mercial salt is chiefly due to the presence of small admixtures of tho sulphates 
of hydioqiumno and cmolionidme, and possihly of hjdiaoinchomdine and 
homooinchomdine Onepoi cent of oinclionidine is sufficient to pioduce the 
light silky appearanoo, and this peisists with a larger pioportion, “A few 
ysais ago, when the bade of Reroijia, wluok contains no emckomdine, waa 
fiist treated, the lattci alkaloid was added, as the pure solutions yielded huge 
brilliant needles unfamiliar m commeice , foi the same reason the bulk of 
cupica was never tieoted, except by being mixed with othei barks ” The sul- 
phates of tho bases of the cinchomdino gioup con be separated fiom quinine 
sulphate without interfering with its light form when there is a sufficient amount 
of liydi oqmnme present Aocording to 0 a r 1 e s, an addition of 4 gi ammes of 
ammonium sulphate to 1 htio of a hot satmated solution of qumme sulphate 
causes tho lattci salt to ciystallwe on cooling m a veiy volnnunous foim 

2 Tho British Plica macopozia. of 1885 gives the folmula of crystallised 
quinine sulphate as (B 2 H 2 S0 4 ) 2 15B a 0, which corresponds to 71 aqua The 
freshly prepared salt is stated to lose 16 2 per cent of water when dried at the 
temporatuie of boiling watei. 
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( [Proc . Amer Phaim, xxxu 457) has published the results of 
drying for three hours, at 100°, 1015 samples of quinine sulphate 
(taken fiom tins holding 100 ounces each, and not previously 
opened) of American, German, and Italian manufacture The 
average loss of water was 13 84 per cent,, the highest aveiage from 
any one maker being 14 36 per cent A.J. Cownley (Phaim. 
Jour , [3], xvi 797) found the water in thuty-seven samples of 
oommeicial quinine sulphate examined during the two years pnor 
to 1886 to range from 8 10 to 1612 per cent D Hooper 
states that the water ranges from 5 to 1 8 per cent Hesse (Ber , 
xm, 1517) states that puie crystallised quinine sulphate, which 
has not effloresced, contains 8H s O, or 1617 per cent of water. ' 
Cmchonidme sulphate, on the contrary, crystallises with 6H 2 0, or 
13 7 per cent Hence, if a sample of qtumne sulphate be dry and 
quite fiee fiom efflorescence, the proportion of water is an indica- 
tion of its purity 

Crystallised quinine sulphate is rendeied perfectly anhydious by 
exposuio to a temperature of 100° C If a lughoi temperature bo 
employed for its dehydration, there is a danger of some of the 
alkaloid undergoing convoision into quimeme (see page 43 i) If 
the anhydious sulphate of quinine be exposed to moist air, it 
rapidly absorbs from 4 8 to 5 per cent of water, a pioportion 
which coi responds to the formula B 2 H 2 S0 4 +2II 2 0 1 On the 
other hand, the crystallised Balt rapidly loses water on exposure to 
air, until it acquires the composition of the 2-atom hydiate The 
same quantity of water is letamed when the crystallised salt is 
dried over sulphuric acid, or ciystallised from strong alcohol 

Quinine sulphate requires 750 parts of cold water for solution, but 
dissolves m about 30 parts of water at 100° G It is far less soluble 
m water containing sulphate of magnesium, sodium, or ammonium 
than m pure water In a strong solution of Rochelle salt, quinine 
sulphate is so little soluble that the alkaloid can scaicoly he detected 
by the fluorescence or thalleioqum test On the othei hand, the 
solubility of sulphate of quinine m water is increased by the pre- 
sence of ammonium chloride, or of potassium nitrate oi clilomto 

In alcohol, qunnue sulphate dissolves more readily than m 
water, requiring only 7 or 8 parts at a boiling temperature, but it 
is much less soluble m cold spirit (see “Tincture of Quinine,” 
page 423) Quinine sulphate dissolves m about 24 paits 
of cold glycerin, the solution bemg precipitated by addition of 
water Crystallised quinine sulphate is not soluble m fixed oils, 

* H P Parsons lecommends the official adoption of this liydiato as a 
definite and stable form of qninrne sulphate 
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ether, chloroform, or petroleum spirit (It is said to dissolve m 
benzene.) In the anhydrous state, 1 part of quinine sulphate is 
soluble in about 1000 parts of chloroform (see page 416) 

In dilute sulphuric acid, quinine sulphate is readily soluble, owing 
to the foimation of and sulphate of quinine, C 20 H 2i N 2 O 2 ,H 2 SO 4 
This salt is readily obtainable m crystals containing 7H 2 0 The 
crystallised salt loses 6 aqua m the exsiccator, and becomes 
anhydrous at 100° 0 When heated to about 136° C it melts, 
and is conveited into the corresponding compound of quimcme (see 
page 434) Acid sulphate of quinine dissolves m 11 parts of 
cold watei, and more readily in hot water or in alcohol to strongly 
fluorescent solutions 

From a solution of quinine m excess of dilute sulphuric 
acid, on acid sulphate may be obtained, having the composition 
C B H K N I 0 J1 2H I S0 4 , + 7H 2 0 ( =C 20 H 24 N 2 O 2 ,H 2 SO 4 + H 2 S0 4 + 
7H a O) 

hi oi mol quinine sulphate has a specific rotation in alcoholic solu- 
tion of S„= 191 5°, calculated for the anliydious salt Excess of 
and increases the rotatory power When dissolved m water 
acidulated with hydrochloric acid, the value of S„ at 15° is 233*75° 
(Hesse) 

Sulphate of quinine is largely employed as a febrifuge and tonic, 
the official dose langing from 1 to 10 grams It has marked 
antiseptic properties. 

The fluorescence of sulphate of quinine is considered on page 
400 , its reaction with iodine on page 403 , and with the thalleio- 
quin test on page 401 

Examination of Gommeicial Quinine Sulphate 

The salts of quinine, except the tannato (page 420), can all be 
examined by the following methods applicable to the sulphate of 
quinine, provided they are first treated .with 10 parts of boiling 
water and their own weight of sodium sulphate The sulphate 
of quinine which deposits on cooling and the mother-liquor obtained 
can then he examined in the usual way 

Commercial sulphate of quinine was formerly subject to adultera- 
tions of a very gross chaiacter Among the bodies employed to 
sophisticate it are said to have been staicli, gum, stearin, salicm, 
phlondzm, sngais, sulphate of magnesium, sulphate of sodium, chalk, 
asbestos, hone acid, &c Some of these additions are apocryphal 
and the majouty are certainly obsolete 

Mineral additions would he readily recognised on igniting the 
sample, which, when pure, will leave no sensible ash. Staich, 
chalk, stearin, and bone acid would remain insoluble on treating 
the substance with cold dilute sulphuric acid, and gum would he 
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precipitated on adding excess of alcohol to the solution thus 
obtained. Soluble impurities generally may be detected and esti- 
mated by dissolving the sample m hot water and adding excess of 
baryta water The alkaloid is then removed by agitation with 
ether After removing the ethereal layer, a stream of carbonic 
acid is passed through the aqueous liquid to precipitate the excess 
of baryta, and the whole well boiled and filtered Sulphate and 
carbonate of barium will be left insoluble, and the filtrate will con- 
tain any sugar or other soluble impurity present m the original 
sample, and the observation of the weight ol the residue left on 
evaporation will allow of a determination of the amount In 
presence of sugar the liquid will exoit a dextro-rotatory action, and 
m presence of eahein a Issvo-rotatory action on polarised light 

Treatment of the original solid sample with concentiated sul- 
phuric acid, attended by gentle warming, will suffice for the quali- 
tative detection of some lmpiuities Sugar and maumte will 
become chained, while sahun developes a staking red colour 
Good commercial quinine Bulphate dissolves with faint yellow 
colour in stiong sulphuric acid, and the tint is not deepened on 
warming gently 

Similar general impurities may he rapidly tested foi by a test 
devised by Hesse, and described on page 417 Saltern, if present 
in gi eater proportion than 1 per cent, may he detected by 
this test The residue insoluble in the chloroform-mixtuie will 
be coloured deep red by concentrated sulphuric acid, and will 
reduce Fehhng’s solution aftei boiling with dilute sulphuric acid 
The reaction with strong sulphuric acid will be produced by the 
. original sample if the pioportion of salicm bo considerable. 
Smaller pioporhons of salicm may be detected in the filtrate from 
the precipitate produced by adding baryta to the aqueous solution 
of the sample Another test for salicm is to dissolvo 0 25 gramme 
of tko sample mice of water and 4 drops of concentrated hydro- 
chloric acid If salicm be present, on boiling the liquid foi some 
minutes a white turbidity will he produced, due to the foimatiou 
of saliretm 

Sulphate of quinine has occasionally been largely adulterated 
with or entirely substituted by the hydrochloride of cmchonmo. 
This fraud is recognisable by testing for chlorides with mtiic acid 
and mtiate of silver, and for cinchonine as desciibed on page 413 

The most common impurity of commercial sulphate of quinine 
is an admixture of one or moie of the sulphates of other cinchona 
alkaloids , especially cmchonidme This admixture is often puiely 
accidental, owing to imperfect separation of the other alkaloids 
during manufactme, but is no doubt sometimes provided foi and 
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secured by suitable arrangements of the manufacturing operations, 
while occasionally an intentional admixture of other alkaloids has 
occurred 

Manufacturers of quinine sulphate produce at least four quali- 
ties of the article (1) The pure salt or “heavy sulphate,” of 
which the use has been hitherto extremely limited, chiefly on 
account of its unfamihanty to the members of the medical pro- 
fession, (2 and 3) products satisfying the requirements of the 
German and Dutch Pharmacopoeias , and (4) products satisfying 
others than the ahove-mentioned pharmacopoeias, and containing 
from 4 to 6 per cent of sulphate of cmckonidme Other pioducts 
may have a certain commercial importance, hut have no “legal 
status ” m civilised countiies. , 

The best samples of commercial quinine sulphate are seldom free 
from cmchomdme, hut contain not more than 2 or 3 per cent , 
whilst other lands contain fiom 5 to 10, and even 20 pei cent, of 
cmchomdine sulphate, and on one occasion B H Paul found 60 
pei cent, 

F "VV Fletcher (1882) states that quinine of English 
manufacture is usually piactically fxee from cmchomdine, but that 
certain foreign brands always contam fiom 10 to 15 per cent, m 
one case the proportion exceeding 25 per cent A. J. Cownley 
has published determinations of cmchomdine made by a reliable 
process, and finds the proportion to range from nil to 13 9 per 
cent , the next largest amount being 9 0 per cent. More recently 
(1889), Paul and Cownley (Pharrn Jow , [3], xix 665) 
found the cmchomdine sulphate present m twenty-tlnee typical 
samples of quinine sulphate, representing all the different makers, 
to range fiom nil (m two instances) to 12 34 pei cent In fourteen 
out of the twenty-three the proportion of impuiity was less than 
6 per cent The two samples which were wholly fiee from cia- 
ohonidme wore probably manufactured from cupiea bark, which 
is characterised by the absence of cmchomdme, and m one 
instance this conjecture was confirmed by the detection of a trace 
of cupieine m the sample In addition, hydioqmmne is a very 
constant impuiity m qumine sulphate, a very notable proportion 
being somotunes present, and, according to Hesse, hydi ocmchonidim 
and homocmchomdme may also be met with m quinine from cer- 
tain sources The presence of even 1 per cent of cinchonine or 
gvimdme m quinine sulphate is far more likely to be intentional 
than due merely to accident or careless manufacture, hut these 
alkaloids are apt to he met as aceideutal impurities in quinine 
hydiochlondo. 

The detection and estimation of foreign alkaloids m commercial 
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sulphate of quinine has leceived much attention, and considerable 
ingenuity has been exercised in the solution of this somewhat 
difficult problem 

The recognised methods of testing commercial quinine sulphate 
for admixtures of othei alkaloids are, for the most part, based on 
the romoval of the greater part of the quinine as a sparingly solu- 
ble sulphate, and the distinction of the lemauung quinine from its 
associates by its greatei solubility m ether and its solubility in 
excess of ammonia A great variety of tests based on these principles 
have been devised, especially for recognition and estimation of cin- 
chonidme, the detection and determination of the other alkaloids 
when present m notable pioportion presenting compaiativoly little 
difficulty 

The separation of small proportions of cinch minima from quinine 
is particularly troublesome, and formerly any consuleiable propor- 
tions of the admixture must have escaped recognition B H 
Paul ( Pharm Joui , [!>], vu 653) lias shown that when the 
test for quinine sulphate prescubed m the JBniish Pharmacopoeia 
of 1867 is rigidly adhored to, it is difficult to detect an admix- 
ture of 20 per cent of the cmchonidine salt By reducing the 
volume of ether used, any impurity m excess of 10 per cent may 
he detected, but less than this proportion escapes recognition, owing 
to the property possessed by quinine of mcioasing the solubility 
of cmchonidine in ether, or at any into of preventing the lattoi 
from separating in a crystalline state Hence, for the detection 
of small proportions of cmchonidine, it is necessaiy first to separata 
the greater part of the quinine Tins may be done by utilising 
the fact that quinine sulphate requires about 750 parts of cold 
water for solution, while cmchonidine sulphate is soluble in 100 
parts. This principle was originally employed by Kernel, but 
its application has been modified and improved in seveial lespeets 
by Paul ( Phaim Jour, [3], vu 653, xvn 615), and Hesse 
(Pharm, Jam , [3], xvn 975). But cold water does not completely 
dissolve cmchonidine sulphate from conmicicial quinine sulphate, 
according to Hosse, because of its existence m the form of a double 
sulphate of the two alkaloids This compound is decomposed or 
disintegrated by hot water, even if the quantity of liquid he in- 
sufficient for its solution, the cmchonidine salt passing almost 
wholly into solution, while the quinine sulphate is for the most 
part undissolvcd. On the point wliethei it is bettor to lieat the 
sample with water at 60° or to 100° C , authorities are at variance 
Hesse considers that at a boilmg heat moie of the qnmuie sulphate 
will pass into solution, and hence there will lie a greater tendency 
to the re-formation of the double salt when crystallisation lakes 



412 


ASSAY OF QUININE SULPHATE 


place. Kerner and Weller also recommend the use of water at 
60°. E Jungfleisch ( Jour Pharm et Okm., [5], xv, 5, 
Phann. Jour, [3], xvu 585) gives the preference to a boiling 
.temperatuie, and points out the tendency to erratic results if less 
lieat be employed Paul (Pharm. Jam , [3], xvn 595) con- 
siders that the best lesults can only be obtained by using neaily 
sufficient water to effect the complete solution of the quinine 
sulphate at the boihng-pomt 

The mode of operating recommended by Hesse is to take 
1 gramme of quinine sulphate previously dried at 100°, shake it 
with 20 c c of water at 60° C , filter after cooling, and agitate 
5 c c of the filtrate m a narrow tube with 1 c c of ether and 
5 drops of ammonia (sp gr 0 96) The clear ethereal solution 
thus obtained should not deposit ciystals on standing. If, on 
leaving the tube at rest and m a closed condition for two hours, 
the ethereal stratum be found free fiom crystals, the sample may 
he considered pure, but if it contain more than 0 25 per cent, of 
cmehomne sulphate, 0 5 of quimdme sulphate, or 1 0 per cent of 
cmchonulme or homocinohonidine sulphate, a distinct separation 
of crystals wall occur The last two impurities appear granular, 
while crystals of cinchonine and quimdme form concentric groups 
of delicate needles If the proportion of cmchonulme bo as high 
as 3 per cent , the separation of crystals will occur immediately, or 
Withm three mmutes , 2 per cent will show m about ten minutes , 
while with less than 1 per cent no separation will ocour even 
after twelve hours 1 To detect smaller proportions of these 
alkaloids, the cork of the tube should be replaced by a loose plug 
of cotton-wool, so that the ether may gradually evaporate On 
examining the lesidue with a lens it will appear distinctly 
crystalline if £ per cent of cmchomdme or homocmchomdme 
sulphate be present, and a mere trace will he recognisable 
by the presence of a few crystals in the amorphous mass of 
quinine 0 5 peT cent of cinchonine sulphate, or 1 0 per cent 
of quimdme sulphate, will cause au almost immediate separa- 
tion of crystals from the ether Them presence is far more 
likely to he intentional than merely accidental or due to caieless 
manufacture. 

The Bnhsh Pharmacopoeia of 1885 gives the following methods 
of testing commercial sulphate of quinine for accompanying 


1 A deposit of cmchomdme is lecogmsed by the capillary using of the pre- 
cipitate beyond the ethoieal layei immediately after shaking the solution. 
With a laige proportion of cmchomdme a white chalky ung appears at the 
lme of contact of the two liquids 
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alkaloids 1 The salt “should not contain much moie than 5 per 
cent of other cinchona alkaloids ” — 

a Test foi Cmchomdme and Cimhomne Heat 100 grams of 
the sample m 5 or G ounces of boiling water, with 3 or 4 diops of 
dilute sulphunc acid 2 Set the solution aside until cold Separate 
by filtration the purified crystals of quinine sulphate which crys- 
tallise out To the filtrate, which should nearly fill a bottle or 
flask, add ether, shaking occasionally, until a distinct layer of 
ether remains undissolved Then add ammonia m very slight 
excess, and shake thoroughly, so that the quinine at first pre- 
cipitated shall be redissolved by the ether Close the flask, and 
allow it to stand for some hours, and then remoi e, with a pipette, 
the supernatant, clear, ethereal layer which should occupy the neck 
of the flask. Agitate the residual aqueous liquid and the separated 
crystals of alkaloid once or twice with a vary little ether Collect 
the sepaiated alkaloid on a taied filter, wash it with a little ethei, 
dry at 100° C., and weigh Four parts of the pioduet represent 
five of crystallised sulphate of cinchonine oi cuichonidme in the 
sample 

l Test foi Cupeine Shako the crystallised sulphate of quinine 
obtained m Test a with 1 fluid ounce of ethei and \ fluid ounce of 
ammonia (sp gr 0 959), separate the ethereal solution, and add to 
it the ethereal solution and washings obtained in Test a Shako 
the united ethereal liquid with lj fluid ounce of caustic soda 
solution (10 per cent), adding water if any solid nmttei separates 
Separate the ethereal layer, agitate the aqueous liquid with more 
ether, and separate as before Heat the aqueous liquid to boiling, 
and exactly neutralise it with dilute sulphuric acid Allow the 
solution to cool, separate any orystallme cupreine sulphate by a 
tared filter, wash with a httle cold water, diy and weigh 

a Test foi Quimdme. Rccrystallise 50 grains of the sample as 

1 The i'l sack Codex of 1884, making use of Kernel's method of analysts, 
prescribes that 6 o o, of a mother liquor obtained at 16° C , aftei treatment of 
1 gramme of the officinal salt with 10 e c of hike warn watei , shall remain 
perfectly limpid for 24 horns after the addition of 7 o o ot a solution of 
ammonia of 0 96 specific gravity The manufactuicis consideicd these lognla- 
tions severe However, the new Austrian Pharmacopoeia piescnbcs the use of 
7 o o of ammonia, whioh is only slightly less severe a test , and the pliaim.i- 
copouas of Russia, Finland, Sweden, the United States, and Japan have 
adopted neaily the same test The Dutch Pharmacopoeia has reduced the 
amount of ammonia to 5 o.c,, and the Berman Pharmacopoeia of 1890 to 4 o o 

5 This addition of sulphuno acid is objectionable, as tending to moioase the 
solubility of the qiumne sulphate and dimmish tho delicacy of the test It 
would he better to dncct the addition of just sufficient nonl to lender thu 
solution faintly acid to litmus 
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just described m Test a , and to tlie filtrate add a strong solution 
of potassium iodide, and a little lectified spmt to prevent the pre- 
cipitation of the liydiiodides of amorphous bases Collect the 
precipitate of quinnhne hydriodide, wash it with a little cold 
water, dry at 100”, and weigh. “ The weight represents about an 
equal weight of crystallised sulphate of qimudine ” 

The foregoing tests aie, of course, not intended for the detection 
and estimation of minute traces of accompanying alkaloids m 
quinine sulphate. Cmchonidme has about one-foui th the potency 
of quinine, and hence the therapeutic value of the piepaiation is not 
so gieatly affected by a small adnuxtuie as is tlie commercial value 
B H Paul ( Pharm Jour, [3], xvu 647) points out that the 
delicacy of the test would he much increased by evaporating the 
filtered aqueous solution to about one-fifth of its volume before 
shaking with ether and ammonia 1 Operating in this manner, as 
small a propoition as 1 pei cent of cmchonidme sulphate can bo 
detected with certainty, even when only 10 grains of the sample is 
employed, provided that the closed tube (employed with small 
quantities instead of a flask) be allowed to stand for at least twelve 
hours for the formation of the ciystals De Vr ij (Chem Gent ) , 
1885, 968) has suggested the addition of sufficient sulphuric acid 
to convert the bases into acid salts before separating them by fiao- 
tional solution and crystallisation, Hesse ( Pharm Jour , [3], xvu 
486), who expresses a high opinion of this method if caiefully per- 
formed, recommends the follow mg mode of operating — 5 grammes 
weight of the sample is dissolved by the aid of beat in 12 c o of 
normal sulphuric acid (49 grammes H 2 S0 4 per htie) contained m 
a small porcelain basin, and the solution poiued into a funnel closed 
at the bottom, 2 in which it is allowed to cool At the end of two 
liouis crystallisation is complete, the stopper is removed, and the 
mother-liquor allowed to drain away as completely as possible, its 
removal being assisted by suction. The upper poition of the 
crystals is then pressed down with a glass rod and washed with 
3 o c of cold watei, added drop by drop while the suction is kept 
up The whole solution is then mixed with 16 cc of ether (sp 
gr 0 721 to 0 728) and shaken up 3 Three co of ammonia (sp 

1 la a latei paper (Plm.rm Jam , [3], six 60S) Paul and Oownlfly recoin- 

mend that the solution should he concentrated to about 1 fluid drachm (3^ c.o. ) , 
and the deposited crystals sspniated hefoie treatment with ammonia and ether. 

3 This may ho conveniently effected by a glass iod introduced from above, 
and having the lower end coVcied with a short length of india-rubber tubing 
The same rod can bo aftei wards used for pressing down the crystals 

3 If tlie sample contain moie than 10 per cent, of cmchonidme the volume 
of ether must be increased. 



ASSAY OJ? QUININE SULPHATE. 415 

gr 0 960) is next added, and the whole well shaken again. After 
staniling one day the ether is removed with a pipette, and the 
crystals which have separated are collected on a filter and washed 
with water saturated with ether. The filter is then placed on an 
absorbent surface, the crystals again washed with some other, and 
dried at 100°, These crystals are not pure cmchomchne, but a 
compound of quinine and cinchona dine, having the composition 
C 2fj H 24 N 2 O i , 2 CjrjH^NgO There is always a certain amount of 
adhering quinine, especially when the pioportion of oinchonidino 
m the sample is veiy small, and hence Hesse recommends that the 
weight obtained should he multiplied by O' 6 2, instead of by 0 616, 
which is the calculated factor foi the above foimula 1 

B. H Paul ( Pharm Jour,, [3], xvii 565) strongly objects to 
the acid sulphate tost, on the ground that the crystals of acid 
sulphate are not free from cmchonidine, while tho amount of 
qmnrne retained m solution is so much increased as to interfere 
with the subsequent crystallisation of the cmchonidine fioiu ether 
Conveision of quinine into and crystallisation as the acid sulphate 
effects a separation of hydroquinine, which leniains in the mother- 
liquor, while lepeated recrystalhsation of the noutial sulphate fails 
to effect this (compare page 424). 

A method of assaying quinine sulphate for ciurhonidine, based 
upon tho optical rotation of the solution, has been recommended 
by several eminent authonties and is equally distrusted by others 
Ou demans was among tho hist to experiment in this direction, 
and Hesse proposed a definite process of assay, based on the 
rotation of the sulphate Koppeschaar pioposed to employ 
the tartrates by preference, while EH Davies operated on the 
sulphates De Vnj has strongly recommended tho optical 
method of examination, giving preference to th„o tartrates 
JungfleiBch and Paul and Cownley have oxpiessed 
strong distrust of the optical method, considering it manifestly 
impracticable to determine proportions of 1 and 1£ per cent of 
cmchonidine m quinine sulphate containing oven minute pro- 
portions of the cinchonine and qumidme salts , and D Howard 
states that no published method gives the mixed taifcidtes of 
quinine and cmchonidine sufficiently pure to leudei the polarimetric 
assay absolutely lehahle. Hesse has modified lus forinei high 
opinion of the method, and points out that it is invalidated by 
the presenco of hydroqumine, which is invariably piesent m 
commercial quinine sulphate, and is not separated by converting 
the bases mto tartrates, 

Heases test-e\penments on mixtures of pure quinine anti cinclioiikhne 
sulphates in known propoitions justify this empuicul lactoi. 
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The presence of 1 per cent, of hydroquinine sulphate reduces 
the rotation to the same extent as 0 42 per cent of the cmchoni- 
dme salt, and its presence accounts for the excessive and discordant 
figures for cmchomdine often obtained by those who rely on the 
optical method of assay. Hydroqmmne cannot he peifeetly separated 
fiom quinine even by repeated recrystalhsations of the noutral 
sulphate, but it can be completely got rid of hy converting the 
alkaloid into the acid sulphate and lecrystallismg this from water 
or alcohol, when the hydioquimne remauis in the mothei -liquor 
(compare page 424) 

For the optical assay, Koppeschaar ( Zeitsch Anal Chem, 
xxiv 362) recommends that the quinine and cmohomdme should 
he conveited into taitrales hy piecipitatmg the neutral solution 
with Rochelle salt, and the precipitate washed with a little cold 
water and dned at 125°-130° C ; 0 400 gramme of the dry pro- 
duct is then dissolved m 3 o c of normal hydiochloric acid, and 
the solution diluted with water at 15’ C to a volume of 20 co 
The solution is placed m a jacketed tube kept at 15° C , and the 
lotatoiy power observed hy a polanmeter employing monochromatic 
(sodium) light From the angular rotation the specific rotatory 

power of the tartrate is then calculated hy the formula S = — , 

where 8 is the specific and a the angular rotation, and l the length 
of the tube in decimetres From the figure thus obtained, the 
percentage of quinine tartrate, x, in the mixed taitiate may he 
aseei tamed hy the following (Koppesehaar’s) foimula — 

_ 100(8 — 1 37 67) 

X 82 4 

Each 1° of diminution m the specific rotation below 220 07° cor- 
responds to about 1 2 pei cent of cinchomihne tartrate in the mixed 
tartrates The angular rotation 19 diminished by 0 077° only by 
the presence of 1 per cent of cinchonidme tartrate Notwith- 
standing the extreme accuracy of observation necessary, Hooper 
{Pimm Joui , [3], xvii 61) has found the optical detennmation 
of qummo m the mixed taitratcs to give very satisfactory results. 
Hesse found the specific rotation of quinine, hydroquimne, and 
cmchomdine tartrates, for Oudemans’ concentration E, to he 
respectively, —212 6°, —176 9°, and -132 0° 

For the detection of cinchonine 1 or quimdme m quinine sulphate, 
Hesse proposes to dry the salt at 100° G , and agitate 1 giamme 
with 15 c c of chloioform free from alcohol Tho liquid is passed 
1 According to Laborda {Pimm Jaw , [3], xiu 684) the piesenoe of 
cinchonine materially alters the physiological eliects of quinine salts. 
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through a small filter. If 10 c c., on evaporation at a gentle heat, 
leave an amorphous residue weighing more than 035 gi amine, 
cinchonine or qiumdme sulphato is certainly present. If the residue 
be crystalline and leB8 than the above weight, it may he tested for 
the foreign alkaloids by heating it with 5 c c. of water, adding \ 
gramme of potassium sodium tartrate, cooling, filtering from the 
precipitated quinine and cmchomdine tartrates, and mixing the 
filtrate with an equal volume of ammonia If qiunidme or cin- 
chonine be present, a piecipitate will be formed, and may bo 
further examined by agitation with ether (see page 412), or hy 
treatment with iodide of potassium (see page 413) Sulphate of 
oinchomdine, if present, will lemam undissolved by the chloroform, 
but will swell up into very bulky needles, winch suck up the 
chloioforni like a sponge and do not yield it again without pressure 

L Schafer {Atch, Pham , [3], xxv 64, 1033) has described 
a method of testing commercial quinine sulphate, based upon the 
precipitation of the boiling aqueous solution by neutral potassium 
oxalate After cooling and filtermg, the filtiate is tested by 
addition of caustic soda. 

0 Sc Illicit uni (Aich Pharm , [3], xxv 128) lias investi- 
gated De Vrij’s chromato method (page 405), and finds it appli- 
cable, under certain conditions, to the examination of quinine 
sulphate On precipitating a solution of this or other neutral 
qiunme salt with neutral potassium chi ornate, and filtermg aftey 
four or more hours, the filtrate remains cleai on addition of soda, 
if the quinine salt was pure , In presence of J per cent of 
cinchonine sulphate, or 1 per cent of the quimdme or cmehonidine 
salt, a turbidity is produced at once or after a time 

A test for the purity of quinine sulphate, devised hy Hesse 
and adopted by tile German Pharmacopoeia, consists in heating 
1 gramme of the sample for a short time to 40°-50° C , in 7 c c, 
of a mixture of 2 volumes of ohloroform and 1 of absolute alcohol 
If the sample be pure it is completely dissolved, and the solution 
remains quite clear on coolmg Sulphates of other cinchona 
bases and various organic and inorganic impurities remain 
insoluble (compare page 409). 

A somewhat similar test has been described by E II l r s c li s o h n, 
according to which 0 2 gramme of the quinine sulphate should be 
briskly agitated with 5 cc of a mixture of 30 paits of petroleum 
ether of 0 680 sp gr. with 70 parts of chloroform Tho liquid is 
filtered, and diluted with three or four times its volume of petroleum 
ether, whfen an admixture of 0 1 per cent, of sulphates of othei 
cinchona bases will give rise to a turbidity or piecipitate 

Eor the detection of amorphous dllcaloid m commercial quinine 

VOL. Ill paht n. 2 d 
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sulphate, I) e Vrij recommends the following method — The sample 
is dissolved m dilute acid, and shaken with ammonia and ether for 
estimation of total alkaloid Sufficient decmormai oxalic acid is 
added to the ethei-rosidue to convert the alkaloid into neutral 
oxalate, and the liquid is evapoiated at a steam-heat and the 
residue thoroughly dried m the water-bath It is then dissolved 
m chloioform, and the liquid faltered if necessary The clear solu- 
tion is next tieated m a test-tube with a few drops of water, when 
crystals of oxalate of quinine will appear in the chloioform If 
the sample weie pure the aqueous layei will remain clear and 
uncoloured, hut if amorphous alkaloid be present it will be dissolved 
by the water and colour it yellow 

Quinine Hydrochloride Hydrochlorate of quinine B,HOL 
This salt forms long asbestos-like prisms containing 2 aqua, which 
become anhydious at 120° C without pieviously melting The 
dehydrated salt fuses at 158°-160° without change, and is not 
converted into quimcine, as stated by Pasteur (Hesse) If an 
aqueous solution of qununo hydrochloride saturated at 15° C be 
allowed to stand for some time at about 0° C, largo octahedral 
crystals containing 3 aqua scpaiato out Quinine hydrochloride 
is soluble in about 40 paits of cold water, and very soluble in hot 
water and m alcohol 

Quinine hydiochloride has been frequently substituted of late 
years foi the sparingly soluble sulphate Thus it is used in 
malnng the Tincture of Quinine, B P The hydrochloride is the 
moio expensive salt, owing to the increased difficulty of crystal- 
lising and the high peicentage of quinine contained m it (84'2 
pei cent, against 73 5 m the ciystallised sulphate). 

Quinine hydioohlonde is prepaied by reacting on the sulphate 
with chloride of barium 1 Hence it is apt to contain either unde- 
composed sulphate of quinine, or else barium chlonde The latter 
impurity is, of course, very objectionable 

Quinine hydrochloride may he assayed in much the same manner 
as the sulphate (see page 408 et set } ) The B P test frn quinine 
sulphate is applicable to the examination of the hydrochloride, if 
the sample he previously dissolved m ten times its weight of 
bulling distilled watei, together with its own weight of ciystallised 
sodium sulphate The crystals of quinine sulphate which are 
deposited, and the filtrate from them, can then be examined as 

1 The ae.nl Injdi ochltn vie 3 BH a 01 a is obtained by precipitating tbe acid 
sulphate of quinine by baiimn chloride. It forms groups of concentric 
needles, which can be dried without change at 110°, and aie soluble m an equal 
weight of water It also sepaiatea as a gelatinous mass, which becomes 
eiystalhne on gentle wanning 
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described on page 412 et seq Tlie hydrochloride of quinine is 
more likely to be contaminated with the similar salts of cinchonine 
and qumidine than with the hydrochlorides .of cmchomdme and 
homocmchonidme 

Quinine hydrochloride has .on several occasions been accidentally 
mixed with or replaced by the corresponding salt of -morphine 
The impurity may be detected by warming the salt with dilute 
nitric acid, which acquires a yellow or rod coloiu if morphine be 
present; or the salt may be placed m a poicebun ciuable and 
moistened with very neutral ferric chloude, which will produce a 
green or blue colour if morphia he present The production of a 
blue colour with mixed solutions of ferric chloude and potassium 
femcyamde (page 317) is also well adapted for the detection and 
approximate estimation of morphine m presence of cinchona bases 
Lastly, the aqueous solution of the salt may be treated with 
ammonia and agitated with a small quantity of other, when any 
morphine (oi cinchonine) will remani undissolved 

Quinine Hydiobomide, BHBr-|-H 2 0, is prepared by mixing 
equivalent quantities of quinine sulphate and potassium bromide 
with their own weight oi water, adding throe or four parts of 
strong alcohol, filtering from the precipitated potassium sulphate, 
and crystallising the quinine liydrobronude fiom tlio filtrate The 
salt forms silky needles, soluble m 16 parts of water to a solution 
said to he fluorescent (?) 

Quinine Carbonate, B 2 H 2 C0 8 +H 2 0, is obtained by passing 
carbon dioxide into water containing freshly precipitated quinine 
hydrate, and exposing the resultant solution to the au It forms 
tianslucent needles, efflorescing rapidly m the air, decomposing at 
110° C , and soluble in water or alcohol hut insoluble m ether 

Quinine Chi ornate, B 2 H 2 Ci 0 4 +2H 2 0 The anhydrous salt 
rapidly re-absoibs 2 aqua on exposure to air It is soluble m about 
2000 parts of cold water, and has been lecommended by d e Vi i j 
for the determination of quinine (page 405) It becomes 
anhydrous at 80°, and decomposes at a higher temperature. 

Quinine Oxalate, B 2 H 2 C 2 O it + 6H 2 0, forma delicate needles 
soluble m about 900 parts of cold water The oxalates of the 
other frequently occurring cinchona bases are comparatively easily 
soluble, and L Schafer has based on this fact a method of sopaiat- 
mg small proportions of these bases from quinine (page 417) 

Quimne Valerate forms colouiless rhomboidol plates, having 
a pearly lustre and a famt odour of valeric acid It is not deli- 
quescent, and fuses at a low temperature Quinine valerate 
requires 110 parts of cold or 40 of boiling water for solution, and 
is easily soluble in alcohol. Yalerato of quinine is liable to con- 
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tain much the same impurities as the sulphate (see page 408). 
Sulphate and hydrochlondc of quinine, and valeiate and acetate of 
zinc are also liable to he present 

Qummp. Tannate has come into use in medicine on account of 
its comparatively tasteless character The commercial product 
vanes greatly m its composition, the hitter taste decreasing with 
the amount of alkaloid contained in the specimen 

Tor the preparation of quinine tannate, Peltz lecommeuds the 
pieoipitation of a saturated solution of 1 part of quinine hydro- 
chlonde by 3 of tannin (m 10 per cent solution previously 
neutralised hy ammonia) After standing twenty-foui hours, the 
washed precipitate is dried at a low temperature So prepaied, 
quinine tannate is a yellowish-white amorphous powder, soluble m 
about 50 paits of cold water or alcohol Its solution gives the 
leactions of tannic acid 

In some cases, the quinine m the commercial tannate is largely 
replaced hy other cinchona bvses The following analyses by 
Jobst {Arch Pharm , [3], xn 331, Jow Ohm Soc , xxxiv 
678) lllustiate the composition of commeicial “tannate of 
quinine” — 
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To ascertain the proportion of total alkaloid m quinine tannate, 
J obst powdeis 1 gramme of the sample, and mixes it with milk of 
lime The mixture is dried on the water-bath, and the resulting 
powder exhausted with chloroform The chloroform is filtered, 
evaporated, and the residue weighed after drying at 120° C 
The alkaloid thus sepaiated can he further exammed as described 
on page 412, There seems no reason why the mixture of the 
sample with milk of lime should not he agitated directly with 
chloioform, thus avoiding the evaporation to diyness of the 
aqueous liquid A similar process is adopted by S Neumann, 
who agitates the finely divided tannate with strong solution of 
caustic alkali and excess of ether The presence of solid particles 
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in suspension, either m the -ethereal or alkaline solution, shows 
that the sample is lmpuie or that it has not been completely 
decomposed. 

8. Quinine Tartiafe, E 2 H 2 C 4 H 4 O 0 +H 2 O, forms a crystalline 
precipitate, soluble in 910 parts of cold and more readily m hot 
water It becomes anhydrous at 100°, and is the best fonn 
tor observing the optical activity of quinine (page 416) 

Citrate of Quinine is not a commercial prepaiation, but in com- 
bination with ferric oitiate it constitutes the Fern et Quininic 
Citiae, BP 

Gib ate of h on and Quinine occurs in commerce m the form of 
thin transparent deliquescent scales, vaiymg m colour from a 
delicate greenish golden yellow to yellowish brown, according to 
the proportion of ammonium citrate present Tho piepaiation 
should be somewhat slowly, hut freely and completely, soluble in 
cold watei It is insoluble in alcohol or ether The aqueous 
solution has a very hitter and chalybeate taste, and should be only 
very slightly acid. On adding ammonia to the cold solution, white 
quinine hychato is thrown down, and the liquid assumes a darker 
colour No ferric hydiate is piccipitated unless the liquid he 
heated, or a fixed alkali substituted for the ammonia 

Citrate of iron and quinine is liable to several sophistications 
, The proportion of water va. the sample maybe ascertained by 
drying a weighed quantity in the watoi-oven Tt averages 8 por 
cent, and should not exceed 10 to 12 pei cent 

Adulteiation with jputamo-citmte or potassio-tat trate of iron 
would be detected by the strongly alkalme leaction of the residua 
left on igniting the substance, a genuine preparation yielding an 
ash neutral or only very faintly alkaline to litmus pupei. Tho 
substitution of taitanc acid for the cituc acid of the sample is now 
improbable, hut may he detected as described m Volume I, 

The proportion of oxide of non can be estimated m tho pine 
preparation with sufficient accuiacy by igniting a known weight of 
the sample. After testing the ash for fixed alkali, a few drops of 
nitric acid should ho added and the residue again ignited This 
treatment ensures the complete combustion of the carbon Citrate 
of iron and quinine ought to yield from 18 to 20 per cent, of 
ferae oxide on ignition A more accurate estimation of the iron can 
he made m the ash, if desired. 

Excess of attic acid is indicated by the extra acidity of tho 
sample, hut the eommeicial substance frequently contains a much 
larger proportion of acid than is prescribed in the Bntish Phai- 
macopceia. 

Sulphates aie almost invariably present in citrate of iron and 
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quinine, owing to imperfect washing ofi the ferric hydrate em- 
ployed, or to the introduction of the quinine as sulphate instead of 
precipitated hydiate The employment of sulphate of quinine is 
said to render the preparation liable to yield a turbid solution, but 
it has the advantage of preventing the inevitable loss of alkaloid 
attending the piepaiation of quinine hydrate. 1 

The British Pharmacopoeia of 1867 lequired that the citrate of 
iron and quinine should' contain 16 per cent, of alkaloid, as deter- 
mined by drying, at an unstated temperature, the unwashed quinine 
hydiate precipitated by ammonia. In the edition of 18815, this 
faulty process was substituted by a method recommended by the 
author ( Analyst , i 22), based on the liberation of the quinine 
fiom the aqueous solution by ammonia and extraction of the 
alkaloid by ether or chloroform 2 No temperature is prescribed for 
drying the alkaloidal residue, but a constant weight is best obtained 
at 110°-1‘20°. By this process, which yields very accurate lcsults, 
the BP prepaialion is now requned to yield 15 per cent, of alka- 
loid 3 If preferred, the residue may be dissolved m a little alcohol, 
the solution diluted with water, and titiated with a standard mineral 
acid and methyl-orange 

The propoition of alkaloid in the citiato of iron and quinine of 
commerce is often notably less than the 15 pei cent required by 
the British Pharmacopoeia (see Phai m. Juw , xvn 234, xix 259 , 
xx 1052) Very commonly only 13 pu cent is piesent, 1 and 

1 F W Fletcher states that a preparation made with sulphate of quinine 
contains less lime salts than when quinine hydiate is used, since the lime 
salts introduced m the water employed for washing the alkaline feme kydinto 
aie retamed by the lattoi, and are subsequently pieupitaleil as calcium sul- 
phate, instead of lomainmg m the finished pioduot 

a To ensure aocmate lesnlts, the cold solution of the sample must bo treated 
with a con sidei able access of ammonia , the volume of etliei oi chloroform 
used should equal that of the ammomacal liquid, and the agitation should bo 
conducted immediately , the tieatment with the solvent should bo lopeatecl , 
and oaie must be taken that the whole of the piooipitated alkaloid is diBBolvcd 
by the ethei This occms instantaneously with puie quinine, hut if cmcho 
mno has been substituted it will lomam vmdissolvod In such samples, the 
treatment with ethei should be followed by agitation with a mixtuio of i parts 
of ohloiofoim and 1 of amyhe alcohol 

8 The onginal issue o f the 1885 edition of the Bi itish Pharmacoptma, i equiri d 
16 per cent of quinine, as ostimatod by the ammonia-ether piocess, but the 
criticisms of F. "W Fletchei, 0 Umnoy, mid others (Phai m Joui ., [3], 
263, 406) showed that, if prepaied aecoidmg to the official du'eotions, this 
propoition was impossible, and the amount was subsequently leduced to 15 
pei cent 

1 Okas Umney ( Pharm . Joim , [8], xvu 235) considers that, tile B P. 
standard' of quality Being easily attainable, the manufaotuie of oitrate of non 
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occasionally (m the author’s experience) fiom 9 to 1 L per cent , 
even in the case of preparations luanufactuied hy English firms of 
fairly good lepute Foreign specimens sometimes contain only 
4 or 5 pel cent of alkaloid, and that not quinine. 

The adulteration of citrate of iron and quinine is not limited to 
deficiency of total alkaloid, the quinmo being sometimes replaced, 
without acknowledgment, hy other cinchona bases. The Bi itibli 
Pharmacopoeia prescribes no test for these, further than requiting 
the ether-residue to be “almost entnely soluble in a little pure 
ether ” The presence of these bases is best detected by dissolving 
the alkaloidal residue m sufficient dilute sulphuric acid to conveit 
the bases mto neutial sulphates, 1 and heating the losultant solution 
as described on page 412 et seq To obtain reliable results a consider- 
able quantity of the sample must be employed, but neatly the 
whole of the quinine is subsequently recoveied as eiyslalhsed sul- 
phate By separating this oil a calico-filter, pressing it between 
folds of blotting-paper, and diymg it at 100", the anhydrous sul- 
phate is obtained, and its weight multiplied by 1 18 represents the 
weight of the crystallised salt If to tins amount tlicic is added 
0 00133 gramme foi each 1 c.c. of mother-liquor, a very fair direct 
determination of the quinine sulphate will he obtained , and by 
multiplying the result by 736 the corresponding amount of freo 
quinine will be found. 

In foicign specimens of citrate, substitution of the quinine hy 
other cinchona bases is common Amorphous alkaloids are not 
unfrequently present m considerable piopoition, 

Tinotuee of Quinine, B P , was foimerly duccted to he made 
hy dissolving 160 grams of crystallised sulphate of quinine in 
20 fluid ounces of tincture of orange-peel, by the aid of a gentle 
heat, the solution being filteied after thiee days This was an 
Unsatisfactory preparation, as m cold weather, or when loo weak a 
spmt was used, it was apt to deposit crystals of sulpliato of quinine, 
and so alter m strength In some cases, at least, the deposit con- 
sisted largely of calcium sulphate In the Pho'i macopaeia of 1885 
an equal weight of quinine hydrochloiule is substituted for the 
sulphate, so that the tinctuie is somewhat slimigor than the old 
preparation To dotermme the proportion of quinine m the tincture, 

and quinine containing only 13 per cent ot alkaloid, unless it wises flora some 
accident, is a disgrace to pharmacy , and that any pharmacist who sella an 
aitiolo of this ahaiactei ought to he punished, unless he can show good cause 
for the defioiency. 

1 This may he effected hy adding a moderate excess of hot dilnte acid, and 
then dilute ammonia, diop hy drop, until the liquid is neutral to methyl- 
orange or litmus. 
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1 fluid ounce should be concentrated, and shaken with ether to 
remove the essential oil of orange-peel After removing the ether, 
the aqueous liquid should be cooled, an excess of ammonia added, 
and then the whole shaken with ether in the usual way (see 
page 402) 

Wine of Quinine, B P , contains 1 gram of ciystallised sulphate 
of quinine and gram of citnc acid m each fluid ounce of orange 
wane It is apt to be debased by partial omission of the quinine 
or its replacement by other cinchona alkaloids. For its assay, 

2 fluid ounces may be concentrated to $• ounce, and then treated 

like the tincture of quinine (see above) If the alkaloid 
insoluble m ether, a mixture of chloroform and amyhc ah^ikol u t 
he substituted for the ether More reliable results aie oP* ined y 
titrating the ether-residue with standard acid and meti^-oifi ,e 
than by weighing it, as substances other than alkaloids aie aD ^blfto 
be extracted v j 

Hydroquininb, C 20 H 26 N 2 O 2 , was discovered by Hesse (Ber <xv 
856) m the motlier-liquois from which quuuno sulphate had teen 
crystallised, and subsequently m the commercial salt half, in 
which it is sometimes present to the extent of 4 per cent. 1 
Quinine cannot he perfectly freed from hydroquimne cien. by 
repeated crystallisation of the neutral sulphateb, but the lydio- 
quinine can be completely separated by converting the alkaloid 
■ into the acid sulphate and xeerystalhsmg this f i om watei oi alcohol, 
when the hydroquimne remains in the mother-liquor 

As precipitated from a cold solution of a salt by caustic soda, 
hydroquimne is amoiphous, but gradually becomes crystalline In 
the latter condition it contains 2 aqua, which is driven off at 1 1 5°. 
From chloioform and ether the alkaloid crystallises m delicate 
concentric groups of needles It melts with darkening at 168° 

Hydroquimne dissolves readily in alcohol, ,ether, chloroform, 
benzene and ammonia, but not m caustic alkali solutions, and is 
only very spaimgly soluble in water. 

Hydroquimne resembles quinine m its lfiavo-rotation, fluorescence 
of its acid solutions, behaviour with the thalleioqum test, and m its 
physiological action It diffeis from quinme by only very slowly 
decolousmg a solution of potassium permanganate 

Crystalline compounds of hydroquimne with cupreine, qaim- 

1 Tlie pioportion of hydroquimne m the bark is very small, and bears no 
constant lelation to that of the qiumnej To obtain the hydioqmmne pure 
the alkaloids should bB repeatedly ciystallised as acid sulphates, the residual 
quinine got ud of by potassium permanganate, the hydloquinine liberated 
from the tilteied liquid by caustic soda, exti acted with ether or ohloiofoim, 
and the neutial sulphate repeatedly leciystaUised fiom hoihug watei 
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time, cmchomdine, and some other cinchona bases have been 
obtained , but not with cinchonine or hydrocmchomne 

Ilydioquimnc has the usual well-marked basic characters of the 
cinchona alkaloids B 2 H 2 S0 4 +6H 2 0 forms short prisms, soluble 
m 350 parts of cold water 

The taitmta crystallises with 2 aqua m prisms which become 
anhydrous at 120° and are soluble m 545 parts of water at 17° C 
The chromate is more soluble than the quinine salt, hut crystallises 
with it, and can only be paitially separated by boihng with watei 
BHC1+2 aqua is readily soluble On mixing its solution with 
potassium iodide, the hydnodide separates as an oily mass which 
gradually solidifies hut does not become crystalline. The acid 
salt, B(HI) 2 +4 aqua, crystallises in biilliant yellow needles, 
roadily soluble m hot water to a colourless solution, from which 
the yellow salt separates again on cooling, 

Wien heated to 140° with strong hydrochloric ucid, liydio- 
qumine loses a methyl group, and is converted into h y d r o c u- 
preme, 

When hydioquimne is heated to 140° with sulphuric acid con- 
taining 25 p'er cent of H 2 SO i the alkaloid is unchanged, but 
when the dry sulphate is fused by heating it to 1 40°, the base 
is converted into amorphous hydroquimcme without altei a- 
tion of weight or other change of composition. 

Hydioquimune neutialises aoids completely and forms some 
crystalhsable salts When an ethereal solution of the base is 
gradually mixed with a solution of oxalic acid in ether, neutral 
'hydroqumicine oxalate is formed as an amorphous brown 
mass, readily soluble m chloioform , whereas the oxalate of qui- 
mcine, obtained similaily, forms a voluminous piecipitate, consist- 
ing of very minute needles 

Hydi oquininssulphomc acid, C 20 H 25 (SO 8 H)N 2 O 2 +H 2 O, is ob- 
tained on dissolving hydroqumine m cold concentiatccl sulplmuc 
acid. On diluting the solution with water and neutralising it with 
ammonia, the sulphomc acid separates m crystals, insoluble m 
ether oi chloroform and spaiingly soluble in cold soda or ammonia 
In dilute acids it dissolves readily, forming crystalhsable salfcc 
The sulphuric acid solution is fluoiescent and loaponds to the 
thalleioqum test 

Quinidine. Conquimne C 20 I-I 24 K 2 O 2 . 

This base is isomeric with quinine, and occius frequently in 
cinchona barks (especially Cinchona Pitayensis) m association with 
quinine and other alkaloids It also occurs m cuprea baik , and 
is present to a eunsicleiable extent m commercial “ qumoidmo ” 
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Qumidme (see also page 393) crystallises from alcohol with 
2| aqua m large monoclimc efflorescent prisms or needles From 
ether permanent rliombohedia containing 2 aqua are obtamed, and 
from boiling water permanent plates with 1 J aqua The whole of 
the water w duvon off at 120°. At 160° the anhydrous alkaloid 
begins to brown slightly, and melts at 168°. 

Qumidme lesembles quinine in its taste and physiological effects, 
in being deposited in hydiated crystals fiom alcohol, in its 
tolerably leady solubility in ethei, m giving tho thalleioqmn 
reaction, and m the fluorescence of its solutiou in dilute sulphuric 
acid It is distinguished from quinine by the permanent bulky 
piecipitate its solutions yield on successive tieatment with chlorine 
water, potassium ferucyanide, and ammonia , and also by the very 
sparing solubility of its hydnodide 

Qumidme Sulphate, B 2 H 2 S0 4 +2H 2 0, crystallises m white 
needles or long hard pusms which require about 100 parts of cold 
or 7 of boiling water for solution It dissolves m 7 pails of cold 
alcohol, and m 20 of chloroform, hut is almost insoluble in ether. 
The salt differs from the sulphates of the other cinchona alkaloids 
in requiring a temperature of 120 ° to rendei it anhydrous, and in 
readily taking up the water again in moist air 

Qumidme sulphate is an official lemedy m the United States 
and France It is examined for other alkaloids by a test slightly 
modified fiom one devised by de Vi 13 (Pimm Joui , [3], vm. 
7 45), who utilises the fact that qumidme hydnodide lequires 1200 
parts of water for solution. To test the purity of the commercial 
sulphate of qumidme, 0 5 gramme is dissolved m 10 cc. of water 
at 60° C , and an equal weight of iodide of potassium free from any 
alkaline leaction added If tho sample be pure, hydnodide of quini- 
dme is precipitated on stilling and cooling as a heavy sandy powder, 
and if the liquid he allowed to stand for half an hour with fiequent 
agitation and is then filteied, addition of one or two drops of ammonia 
will cause no turbidity in the clear filtrate A slight tuibidity 
indicates a trifling admixture of othei alkaloids, but if a decided 
piecipitate occiu the alkaline liquid should ho shaken with a mixtuie 
of amylic alcohol and chloroform (see page 431), or chloioform 
only, and the solvent evaporated to ascertam the pioportion and 
nature of the admixture, which may he cinchomdme or quinine, 
but is usually cinchonine The appeaiance of the precipitated 
hydnodide is sufficient indication of the presence of impurity, as 
in the presence of cinchonine or cinchomdme it is resinous instead 
of being sandy 

For the detection of inorganic impurities (e g., calcium or sodium 
compounds) in commercial qumidme sulphate, Hesse treats one 
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gramme of the sample -with 7 c c of a mixture of 2 volumes of 
chloroform with. 1 of alcohol of 95 pei cent Complete solution 
' will take place m the absence of impurities 

The presence of cincliomdine sulphate m the quinidme salt may 
be detected by treating the sample with pure chlorofonn Unless 
only a very small proportion of the impurity bo present, part of it 
will remain undissolved Smaller quantities may be detected by 
shaking the chloroform solution With cold water, in which the whole 
of the cmchoniduie and part only of the qnmidme salt will dissolve, 
and the formei will he piecipitated on addition of Rochelle salt 

A solution of quinidme sulphate m chloroform is at first colour- 
less, but on keeping becomes yellow with a slight green reflection 

Quinamine. Ci 9 H 24 N 2 0 2 

Xhis alkaloid was first discovered by Hesse m the hark of 
Cinchona hwcwubta, and has smeo been detected m G ojficinaln ., 
rosvlenta, and several vaneties of Gmrhona Cahsaya, particulaily 
Ledg& mia 1 

Quuuimne crystallises in delicate hair-hlcc anhydrous needles, 
which melt at 172° C Its rotatory power m alcoholic solution 
is +104 5° foi the sodium lay 

Qumamme is nearly insoluble in cold water, more readily m 
boiling Hot alcohol dissolves it fieely. It also dissolves m boil- 
ing ether, petroleum spirit, and 1 benzene 

Qumamme itself is almost tasteless, but its solutions in 
acids are very bitter The solution in oxcess of dilute sulphuric 
acid 1 exhibits no fluorescence And solutions of qumainino are 
very prone to decomposition with formation of an ainoiphous alka- 
loid called qumanndine, isomeric with quinamine Qum- 
ami'cine is also formed as a bye-product, and undoi ceitam 
conditions apoqumamme, results 1X11011 tested 

with chlorine or bromine water and ammonia, solutions of quina- 
mine yield a yellowish amorphous precipitate, hut no green colom. 
The solid alkaloid:, when moistened with strong nitric aud, gives a 
yellow coloration 

GoNQmwAitiNE, C 19 H 2i N 2 0 2 , occurs with quinamine, but m 

1 The mother-liquors fiom the ciystals of qumuiu sulphate aro piocipitated 
■with Eoclvello salt, the filtrate fainted u ith ammonia, and the piccipitato 
washed with ether Tlio etheieal washings me taeatod with acetic acul, the 
liquid neutialised, and while wann treated with potassium thiocyanate, tall on 
cooling cinchonine can no longer he detected. Quuudine is then piecipitated, 
together with colouring mnttei. The filtered liquid is taeatod with soda, and 
the resinous precipitate dissolved m a minimum of hot 80 pei cent, alcohol, 
from which qumamme oiystallises on cooling. 
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smaller proportion It may be separated from the latter base by 
fractional crystallisation of the nitrates, oxalates, or hybronndes, the 
conquinamme salts being in each case the less soluble ( Annalen , 
ccix 38, 62) Conquinamme forms colourless or golden-yelloiv 
tetragonal crystals, melting at 121°— 123 g , easily soluble m ethei, 
chloroform, and benzene S D = + 204 1° for a 4 per cent m alcohol 
33 2 n 2 S0 4 + a, aqua is very soluble The aurochlonde is a yellow 
precipitate, becoming purple Conquinamme closely resembles 
quinamme "When heated with concentred hydrochloric acid, it 
yields apoqumamine, C 19 H 22 N a O 

Cmchonidine. C 19 H 22 N 2 0 1 (See also page 392 ) 

This base is contained in several species of cinchona, but is 
especially characteristic of the red bark of G mceirubra. Accord- 
ing to D Hooper the absence of cmchomdme is a distinctive 
character of Remijia barks It was formerly called q u 1 n 1 d 1 n e. 

Cmchomdme crystallises m short anhydrous prisms oi thm plates, 
soluble m 16 parts of alcohol and 188 of ether It is leadily 
soluble m arnylic alcohol and chlorofoim It is lsevo-rotatory, S„ 
(where e = 4 and t = 1 6° C ), in chloioformic solution being — 7 0 0°; 
while m dilute hydrochloric acid solution (c = 5) S B = - 174 6,° 
Cmchonicline resembles quinine in the direction of its optical 
activity, m the insolubility of the anhydrous neutral sulphate m 
chloroform, and in the sparing solubility of the tartiate in water. 
According to Hesse, it foims a crystalline compound with quinine 
containing 0^^17202+ 2 CjjHjj^O. It is distinguished fiom 
quinine by its lesser specific lotation, its moie sparing solubility 
m ether, its non-fluorescence, by not giving the thalleioquin 
reaction, and by the greater solubility of its neutral and acid 
sulphate and lodosulphate The accuiate separation of cinchom- 
dine from quinine 'presents great difficulties, and is discussed at 
length on page 411 ei seq Cmehomdine has only about one-fourth 
of the therapeutic activity of quinine 

Cmchomdme is isomeric with cinchonine, from which it differs 
by its leevo-rotation , its greatei solubility m ether , the insolubility 
of its tartrate in water , the insolubility of the anhydrous sulphate 
m chloroform , and the formula of the crystallised sulphate 

The normal salts of cmchomdme are neutral to htmus and methyl- 
orange, but acid to phenolphthalem. Thus the precipitated tartrate 
1 Cmchonidme was formerly behoved to oontam O 20 II 21 N 2 O , but its con- 
veision by beating with concentiated hydrochloric acid into apocinohoni- 
dme, C 18 H 22 N' a O, without fomation of methyl clilonde, and analyses of 
hydrocliloiido, sulphate, and ohloroplatmate establish the formula given in 
the text. 
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reacts to the last indicator like an equivalent amount of free tar- 
taric acid, and the combined alkaloid can be estimated by titration 
m presence of alcohol with standard caustic soda or baryta 
Adhering Rochelle salt does not interfere 

The following table shows the formula and solubilities of the 
principal salts of emchomdine : — 




Appearanae 

! 

to Water 



Cold 

Hot 

Hydrochloride, 

BHC1+1 nq 

Double^ pyiamldn 

30 

Readily 

Hydrobronmlo, 

BHBr+1 aq 

Long eolomloBB 
needles. 

40 

soluble 

Sulphate, 

BgHgSOj+v aq 

Silky lustioiia 

needles^ or tbln 

100 


Otalate, , 

BaHgCaOd+O aq 

Piismatie uygtul 
lino powder 

252 at 12° 


Turtiato, . 

B.jCjHtOo+2 aq 

Crystalline pie 
oipltate 

1205 At 10° 



Ctnohnmdine sulphate, B z H 2 S0 4 , is lemarlublo for the numboi 
of hydrates it is capable of forming Fiom a moderately con- 
centrated aqueous solution it crystallises with 6 aqua m bnlliant 
needles , from a hot and ooncentiated aqueous solution m hard 
prisms or aciculai silky crystals containing 3 aqua {official m the 
B and US Phai macopceias) , and from alcohol m fine prisms 
with 2 aqua A hydrate containing 5 aqua has been desenbed 
by Hesse 1 The 6-atom hydrate is somewhat effioiesceat. All 
water is lost at 100°, and 2 aqua re-absoibed m moist air 

Cmchomdine sulphate is sometimes contaminated with an ad- 
mixture of the conesponding salts of cinchonine and quinidmc 
To detect these, Hesse ( Zerfsck . Anal Ohem , xv. 464.) dissolves 

0 5 giamrne of the salt m 20 ec of water at 60° C, and adds 

1 5 gramme of Rochelle salt A crystalline piecipitate of the 
sparingly soluble cmchomdine tartrate is produced. After standing 
one hour the liquid is filtoied, and the filtiate tested with a droji 
of ammonia Any turbidity or precipitate is due to the presence 
of more than 0 5 per cent of cinchonine oi 15 per cent of 
quimchne These may he distinguished by heating the filtrate 
with potassium iodide as described on pages 413 and 426 

Hager recommends the use of 0 1 giumme of einclioindine 

1 Five oommei Dial samples of omchomdiuo sulphate examined by A B 
Froscott, lost, at 100° O , piopoitiona ot watai langmg from 0 36 to 7 '01 
per cent B a HjS0 4 + 3 aqua requires 7 SO pel cent 
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sulphate, 0 3 of Rochelle salt, aucl 20 c c. of cold water The 
liquid is frequently agitated, filtered after one hour, and tested 
with a few drops of ammonia As thus performed, the test is 
less strict than that of Hesse, but perhaps, on that account, is 
better suited for medicinal pui poses 

The precipitate of cmchonidine tartrate obtained in the above 
tests is soluble m about 1200 parts of cold water, but almost 
wholly insoluble m a strong solution of Rochelle salt After 
diymg at 100° C, it contains 80 84 per cent, of cmcbonidme. 
It will contain quinine if any of that base were present m the 
sample In such case the solution of the precipitate in excess of 
dilute sulphunc acid will be notably fluorescent 

Hesse has also proposed to distinguish the sulphates of the 
cinchona bases by tlieir behavioiu with chloroform The an- 
hi/di ous neutral sulphates of qumme and cmchonidine aie almost 
insoluble in alcohol-free chloroform, while the corresponding salts 
of cinchonine and quimdme dissolve readily (see pages 416, 427) 
Cmchonidine sulphate leqiuies, when anhydrous, 300 of boiling 
or 1000 parts of cold chloroform, the uudissolved portion 
becoming gelatinous Iu the presence of cmchomne oi qumidme 
sulphate its solubility m chlorofoim is increased According to 
the British Phai macqpaua (1885), cmchonidine sulphate (crystal- 
lised) is soluble an etliei, a statement which is misleading, and 
correct only to a very limited degiee The U S Pharmacopoeia 
descubes it “ veiy sparingly soluble in ether oi benzene.” 

The presence of qiumdine and quinine in cmchonidine sulphate 
can be recognised by the thalleioqum reaction and the fluorescence 
of the solution in dilute sulphunc acid 
Homooinohonibine, C 19 H 22 N 2 0 (see also page 392), accom- 
panies cmchonidine m many cinchona baiks, especially that of 
O rosulenta, and passes into the dark sulphate mo thei -liquors m 
the qumme manufacture. It ciystalh&es from alcohol m anhydrous 
pusms, or from a dilute solution in leaflets, almost insoluble m 
water, but soluble in chloiofoim B 2 H 2 S0 4 + 6II s O crystallises 
from hot water m white needles, butfiom strong solutions the salt 
separates as a white mass, which after drying resembles magnesia 
Hesse states that homocinchonidtno is an essentially different 
substance fiom cmchonidine, and that it is not possible to convert 
one into the other The two bases may be separated by fractional 
crystallisation of their sulphates from aqueous solution In pre- 
sence of qumme sulphate, the homocmchomdme salt is said to 
crystallise m the form of cmchonidine sulphate. 

HyDRODiNOHONiDiM, CjgH^HgO, possibly identical with c i n- 
chonidme, occurs in the mother-liquors from homocmchomdme. 
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Cinchonine C ia Hs> 2 IT 2 0 , or C a H 7 N C fl H n (OH)K CH S 1 
This important alkaloid is almost invariably present m cinchona 
baiks When the free bases aTe crystallised from alcohol the 
cinchonine is deposited before the quinine , unless the latter hose is 
piesent in relatively laige amount, m which cas6 the greater part 
should be previously removed by crystalliemg the sulphates. 

Cinchonine crystallises f 10m alcohol in anhydrous shining prisms 
or needles. It melts at 1 65° C to a colourless liquid, and par- 
tially sublimes at a higher temperature According to Hlusiwetz, 
it may he readily sublimed m a curront of hydrogen or ammonia 
Cinchonine is almost insoluble m cold water, and requnes 2500 
parts of boiling water for solution. 

One part of cinchonine dissolves m 120 parts by weight of cold 
rectified spirit or 28 of boiling alcohol, in 350 parts of cliloro- 
form, m 371 of ether, and m 109 parts of auiylic alcohol. It 
requires only about 13 parts of a mixture of 6 giammes of 
chlorofoim with 1 of rectified spiut, and is soluble in 23 parts of 
a mixture of 4 of chloroform and 1 of amylic alcohol 

A B Piescott found the following to be the solubility of 



It will be seen from these results that amylic alcohol is by far 
the best solvent for cinchonine, except a mixtuie of amylic alcohol 
and chloioform On the other hand, ether is the best solvent for 
effecting an approximate separation of cinchonine from quinine 
When heated to a high temperatuie with an alkali, cinchonine 
yields quinoline, C a H 7 N (page 115), together with other pro- 
ducts With iodine trichloride, cinchonine yields a yellow pre- 
cipitate. 

1 The constitution of cinchonine is discussed on page 168, 

3 To obtain the alkaloid m the “nascent” state, the solvent was added to 
its sulphuric acid solution, which was then wanned to the hoilmg-point of the 
former. The liquid was next made slightly alkaline with ammonia, shaken, 
kept warm for five minutes, and filteied 
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Cinchonine is not precipitated in the cold from a solution con- 
taining tartaric acid by adding sodium hydrogen carbonate On 
heating the liquid, however, carbonic acid escapes and cinchonine 
ib separated 

The precipitate formed hy ammonia m solutions of cmchonnic 
ib not soluble in excess of the reagent The precipitate is amor- 
phous when fiist produced, but' speedily becomes crystalline 

Cinchonine is sharply distinguished from quinine by the very 
limited solubility of the free base m ethei, by the solubility of the 
anhydious neutral sulphate m chlorofornl, by its failure to give 
the thalleioqum reaction, hy its dextro-rotatory power, and by the 
non-llnorescence of its solution in excess of dilute sulphuiio acid. 
Methods of detection and separation based on these facts aro given 
on pages 413 and 416 

Cinchonine Sulphate, (C 19 H 32 l ; r 2 0) 2 H 2 S0 4 4- 2H 2 0, forms shoit, 
hard, shining, clino-rhombic prisms, with dihedral summits The 
salt becomes anhydrous at 1 00° C , and molts with partial decom- 
position at about 240° C Cinchonine sulphate has a very bitter 
taste, dissolves m 54 parts of cold water, and is readily soluble 
(1 6) m alcohol It is insoluble m ether or benzene The 
anhydrous salt is soluble m 60 parts of cold or 22 of boiling 
chloroform, a fact which distinguishes it from the sulphates of 
cinchomdine and quinine 

A solution of cinchonine sulphate does not give the thalleioqum 
reaction, and is not rendered fluorescent by dilution with very 
weak sulphuric acid 

The mode of assaying of cinchonine sulphate is sufficiently in- 
dicated under the head of "Qumme Sulphate" (page 408 d seq) 

Cinchonine Hydroclilonde, C 19 H 22 1T 2 0,HC1 + 2H 2 0, is readily 
soluble m water and alcohol, and somewhat so in ethei and cliloro- 
foim It has been not unfrequently employed to adulterate 
sulphate of quinine In such case the solution of the sample m 
very dilute sulphuric or nitric acid will give a white, curdy pre- 
cipitate of silver chloride on adding silver nitrate Cinchonine 
will be detected by tbe tests for that alkaloid 

"When heated m a dry test-tube, cinchonine hydrochlondo gives 
purple fumes much lesemblmg the vapour of iodine The sulphates 
of the cinchona bases do not give tins leaction 

Htdrocinohonine, C^H^KgO, is stated by II esse to occui m 
euprea bark 

Cinohotwh, C 19 H 24 N 2 0 (see page 392) is isOmenc with cm- 
chonamme (page 438) It dissolves very sparingly in ether 
(1 500) BHC1+2 aqua lequires about 48, and B 2 H 2 S0 4 + 12 
aqua about 35 parts of cold water for solution 
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Cinchamidine is a base probably isomeric with tho above, and 
identical with hydrocinchonidmo (page 430) 

Amorphous Cinchona Bases. 

Certain unorystallisable alkaloids exist ready-formed m cmoliona 
barks, the proportion present being probably affected by sunlight 
and the presence of any free acid m the bark 

In the preparation of the salts of the alkaloids from cinchona 
bark, a further poition of the bases undergoes conversion into a 
resmoid substance known in commerce as “qumoidine” or 
“amorphous quinine” 

Quino'Idine is obtained m quinine factories by precipitating the 
brown mother-hquois with ammonia, and consists largely of two 
alkaloids, qtimicine and cmchonicme, which aie isomeric 
with and appear to be due to the action of heat on quinine or 
quimdine, and cinchonine or cmchomdme, respectively These 
amorphous products may also be obtained by heating the crystal- 
lised bases m glycerin to a tempoiatuie of 200° C , a led substance 
being foimed at the same time 

Commercial qumoidine is a dark brown, brittle, “ extractiform ” 
mass, softening below 100° C , and having usually a slight alkaline 
leaction It is a product of indefinite composition which has 
never been very favourably regarded in this country, though it 
has received official recognition m the German and United States 
Pharmacopoeias Both works limit the ash to 0'7 per cent. By 
the latter it is described as almost insoluble m water, freely 
soluble in alcohol, chloroform, and dilute acids, and partly soluble 
in ether and benzene When triturated with boiling water, the 
liquid, after 'filiation, should be cleai and colourless, and should 
remain so after addition of an alkali The German Pharmacopoeia 
requires that qumoidine should dissolve clear m an equal weight 
of 1 part of dilute acetic acid with 9 parts of water, so as to 
leave scarcely any residue , and it must also form a clear solution 
with nine times its weight of cold dilute spuit Qumoidine is said 
to he liable to adulteration with mineral matters, resms, liquouco, 
glucose, &c , all of which sophistications would be detected by one 
or other of the above tests 

Bor the purification of qumoidme it is lecommendcd to digest 
the commercial article on tho water-bath, with 2 parts of 
benzene, while stirring or agitating Tho clear solution is pouted 
off, and the residue washed with more benzene. The benzene 
solution is then shaken with a slight excess of dilute hydrochlone 
acid, the acid liquid separated, and rendered faintly alkaline by 
caustic soda A portion of this solution is then tested foi purity 

VOL, III PART JI 2 1$ 
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by dilution and addition of a few diops of a concentrated solution 
of sodium thiosulphate (hyposulphite), which ought not to produce 
any piecipitate insoluble on a further addition of watei Should 
impurity he indicated, the whole of the solution of qumoidme 
hydrochloride must be tieatcd with sodium thiosulphate as long as 
a permanent precipitate is produced The liquid is then filtered, 
warmed, treated with excess of soda, and the precipitated qmnoi- 
dme washed with water and chied at 100° 

Thus puufied, qumoidme appears in thin layers as a dark 
yellowish blown, transparent mass It is completely soluble m 
benzene, alcohol and acids, and ether should dissolve at least 70 
per cent of it. The normal salts of qumoidme aie said to have 
an alkaline reaction, and should he soluble in water m all propor- 
tions "When impure they form a clear solution m a litllo watei, 
but the liquid becomes turbid on further dilution 

To piepaie a pure amorphous alkaloid, the acid sulphate of quinine 
or cinchomdmo, according to the product required, is first rendered 
anhydrous by caieful drying at 100° C , and is then raised for a 
few minutes to a temperature of 130° to 135° C , when it melts and 
is wholly converted into the acid sulphate of the new alkaloid 
Quinicine, is a yellowish, amorphous, anhydrous 

body, winch melts at about 60° C., assuming a reddish-brown, 
colour which becomes darker at 100°. It is nearly insoluble m 
water, but has a titter taste. The alcoholic solution has a strong 
alkaline leaction, and absorbs carbon dioxide from the air The 
alkaloid is readily soluble m chloroform oi cthei Qumicme gives 
a green coloration when treated m solution with chlorine- or 
bromine-water and ammonia, but is distinguished from quinine 
and qumidine by producing a white amorphous precipitate with 
sodium hypochlorite or solution of bleaching powdei In applying 
this test the liquid should he slightly, hut not strongly, acidulated 
with hydrochloric acid. Qumicme may he separated fiom the 
accompanying alkaloids by adding ammonia, when the ammonium 
salt formed dissolves the liberated alkaloid, which may then be 
recovered by agitation with ether If soda be employed instead 
of ammonia the alkaloid is thrown down as an oily mass 

A solution of quinicine m excess of ddute sulphuric acid has 
a yellow colour but exhibits no fluorescence 

Qumicme foims crystallisable compounds with acids, and double 
salts with the chlorides of platinum and gold Neutral oxalate 
of qumicme dissolves readily in hot chloroform, alcohol, or water 
In solution in a mixtuie of alcohol and chloroform the oxalate 
exhibits a ughfc-handed rotation corresponding to a value of 
S„ — +25 8° for the alkaloid. 
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Quimcme solutions are not precipitated by Rochello salt. Tlioy 
are completely precipitated by adding excess of potassium, thio- 
cyanate, which throws down quimcme thiocyanate as an 
oil which subsequently solidifies. It is soluble m piue ivotei, 
hut insoluble m solutions of alkaline thiocyanates 

CirraHONioiNB, G lfl H 22 hT a O, when precipitated hy soda from tho 
solution of one of its salts, forms a yellow viscous mass readily 
drawn, out mto colourless stungs It liquefies at about 50° C, 
and at 80° turns biown. At lnghoi tomperatiues (eg, 100° C ) it 
becomes dark brown, and is converted into a substance resembling 
“ qumoidine ” Upon cooling it remains soft. As deduced from 
the rotatory power of the oxalate, m alcoholic, aqueous, or chloro- 
formic solution, the value of S„ for cmchomcme is -f-20'l° 

In most reactions, including its behaviour with ammoniacal salts 
and with hypochlorites, cmchomcme closely resembles qunncino, 
and hence is distinguished from cinchoumo and ciucliumdine. 
It is distinguished from quimcme by giving no giocn coloui with 
chlorine- or bromine-water and ammonia 

Cmchomcme is bitter, and m tho free state has a strongly 
alkaline reaction It neutralises acids perfectly, aud many of 
the resultant salts are cryetallisable 

Anhydro-Eases Ceitain amorphous bases, distinct from qumi- 
cme and cmchomcme, exist learly-formed in omchona barks They 
are not convertible m quimcme or cmchomcme, and appear to 
be formed by the coalescence of two molecules of the ciyst.illisabla 
alkaloids, accompanied m the case oi quinine and qumidma with 
the elimination of a molecule of water Thus . — 

2C 20 H 24 F 2 O. 2 -H 2 O = C i0 H 40 U 4 O 3 . 

Quinine oi Quinnline Diqulmclne 

2C 19 H 22 NO = C 30 H 44 U 4 O 2 . 

Oinclionldina or Diolnchonioino 

Cinchonine 

Tliese bases constitute the greater part of the amorphous alkaloid 
contained m commercial qumoidine They are wholly amorphous, 
as also are all their salts The solution of diqiunicinG in excess 
of dilute sulphuric acid is fiuoiesrent, gives the thallciocpun 
reaction, and is dextro-rotatory. Dicinchomcme does not possess 
these characters 1 

D e Yrij has pointed out a distinction between quimcme, cm- 
chomcme, and the natuial amorphous alkaloids. If the neutial 
oxalates of the bases be rendered anbydious by beating at 100° C , 
and the diy salts treated with chloiofoim, they behave m a 
characteristic manner Oxalate of qmnicine dissolves spaiingly 
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in chloroform at the ouhnaiy temperature, but freely m the 
boiling liquid On cooling, the solution deposits the gi eater part 
of the oxalate m crystals Anhydrous oxalate of cmchonicine 
dissolves freely ni cold chlorofoim By adding a few drops of 
watei on the surface, the solution is transformed in a few minutes 
into a solid moss The oxalates of the natwal amorphous alkaloids 
aie very soluble in chloroform The solution remains clear on 
adding a fow drops of water, hut the water dissolves out somo of 
the oxolato fiom its chlorofoimic solution. The amorphous oxalate 
is highly deliquescent, hut the oxalates of quimcme and cinchom- 
ome remain unchanged in the air. 

Alkaloids of Remijia Barks. 1 

The barks of the various species of Remijia vary greatly m title 
alkaloids which they contain Thus, while the bail: of R podunru- 
lata contams quinine and the allied alkaloid cupremo, that 
of R Purclieana, which anatomically closely lesombles the funner, 
and has been confounded with it, contains no alkaloid closely 1 elated 
to qumme except comparatively small proportions (O'l to 0 2 per 
cent) of cinchonine and cmchonamine Cuscnni- 
d l n e, which occurs in the bark of R Purcheana, is also found in 
that of Cinchona Pelletm ana, together with cusco nine and 
aricine, which two bases do not appear to he present in Remijia 
baik. The bases isolated from this bark by Ilesse weie (in 
addition to cinchonine and emohonamme) concusconino, cliair- 
amine, conohairamme, chairamidine and conchairanndine, the 
formula and ceitarn characters of which aie given on page 393 1 

1 To extract the whole of the alkaloids, amounting to 2 to 8 pc: cent , H e s s 0 
tieated the finely-gioimd balk with hot alcohol, distilled o(T the solvent, 
tieatod the residue with excess of soda, and agitated with other On shaking 
the sepaiated etheieal layei with dilute sulphuuo aoid, a pale yellow, curdy 
mass (A) separated, a poition of which lemained suspended in the etlioi and 
part m the yellow acid liquid (B) On sepaiating the lattoi (R) and adding 
very dilute mtuc acid, einchonamme mtiate was precipitated (mixed with tho 
mtiates of some ot the bases of gioup A), while cinchonine lemained 111 solu- 
tion The erndy piecipitate (A) was digested with dilute soda, tho Hbemtud 
alkaloids washed and an-dued, dissolved in hot alcohol, and tieatod with 0110- 
eiglith ot their weight of sulphunc acid (H a S0 4 ) Almost all the uonmsmime 
immediately pieoipitated ns sulphate, a small additional quantity sepamtmg on 
cooling Hydiochlonde of chan amine was precipitated on adding sti ong lij dro- 
ehlono acid to tho cold alcoholic motliei-hquoi The Gltiatc fiom this was 
wanned and treated with a little potassium thiocyanate, and the piecipitate of 
conchaimmine thiocyanate filtered off On adding moie of the leagont, till the 
dink coloured solution became light blown, a pitchy mass sepaiated, aftei tlm 
icraoval ot which the solution jvas tieated with excess of ammonia and shaken 
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Coneuscamidnie does not appear to be a definite substance All 
tliese allcaloids, like aricme and cuscomne, contain four atoms of 
oxygen, and form a group only distantly related to cinchonine and 
cmehonamme, Concuseonme has the same empirical formula as 
cuscomne, aricme, and brucine, and resembles the strychnos alka- 
loids m some of its reactions It crystallises with 1 aqua, and is 
dextro-rotatory, while cuscomne has a lower melting-point, crystal- 
lises with 4 aqua, and rotates to the left Concuseonme lesembles 
chairamine and its isomers m giving a deep groen coloration when 
the solution m hydrochloric or sulphuric acid is mixed with con-' 
centrated nitric acid, a reaction which is not common to cuaconine 
oi aricme Echitamine or ditaine, an alkaloid contained in the 
bark of Alstoma srholans , J only diffeis by H 2 from chairamme 
and its isomors, to wlucb it presents a considerable resemblance 
Alsttonme, C 21 H 20 N„O 4 , an amorphous alkaloid, which occurs 
togethei with alstomdine and porphyi me m the bailc of Alsionia 
construta, is strongly fluorescent m acid solutions, and is not mi- 
piohahly related to the cusconidmo group Hesse suggests that 
gelsemme, C 24 H 23 ISr 2 0 4 , the poisonous alkaloid from the root of Gel- 
semium sevipet mi ens (yellow jesamme), is lelated to those alka- 
loids, and points out that the coloration it gives with nitric acid 
somewhat resembles the reaction of concuseonme 

with benzene. The benzene was extracted with acetic acid, and the acetic 
solution treated with a saturated solution of ammonium sulphate, which pre- 
cipitated a mixture of the sulphates of cliairamidme and conchmramidms, 
separable by fi actional crystallisation fiom hot watei, m wluoli the latter suit 
is the loss soluble. 

1 Dita Baik, fiom Ahtonm or Eehites scholans (Philippine Islands), has 
febhfuge piopeities, and contains the following alkaloids, together with sevmal 
peculiar indifferent bodies For the extraction and sepaiation of the alkaloids 
the bark is extraoted with hot alcohol, the solvent distilled oil, the residue 
ti eated with ammonia and shaken with ether, which dissolves the ditmmne 
The residue 19 tieated with solid caustic potash and extracted with cliloiofoim, 
v lucli is evapoiated, end the lesidue tieated with concentrated hydioehlonc 
amd, when ditaine hydrochloride separates while eclntcnine loinains dis 

Ditaine, or Eoiu famine, 0 2a H, J8 N'.,0,i + 4 aqua, fmms glassy prisms Melts 
at 206 s . S„« - 28 8°. Veiy bittei Modeiately soluble in water, alcohol, 
and ether. A strong base, not piecipitated by ammonia Decomposes sodium 
ohlonde, Betting flee caustic soda Reduces Feliling’a solution ' aftei boiling 
with hydroohlono acid. Concentrated sulplnmc acid dissolves ditniuo with 
pui pie-rod colour j nitric acid gives a puiplo-red, changing to groen 

Ditamine, CjgHjjNOj, an amorphous powder melting at 75°, soluble m 
alcohol, ethei, and chloiofom 

Eohitenine, 0 m H S 7 N0 4 , hiowmsli, amoiphous, melting above 120° Foims 
ameiphous salts. 
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A full description of tlie alkaloids of Remijia Purdieana and 
Cinchona PeUetieiam Larks lias been published by 0 Hesse 
(Annalen, clxxxv 296, 323, cexxv 211; Jam Chem Soc , 
xxxviu 165 , xlvin 64, Plicirm Jour , [3], xv 772) Aricine 
has been recently re-investigated by ItRfissan and Langrm 
( Compt Rend , cx 469) Cmchonamme und cupreine are descubed 
below 

Cinchonamike, CjoH^NjO (see page 393), occms m tlie bark of 
Remijia Puidieana (false cuprea bailc), a tree growing m the 
Columbian provinces of Antioqiua Its isolation is described on 
page 436 It is soluble m alcohol, ether, chloroform, benzene, 
and carbon disulphide, but only sparingly m water or petroleum 
spirit It is very bitter, poisonous, 1 yields no methyl chloride 
when heated with strong hydrochlouc acid, gives no leaction with 
ferric chloride, and no coloui with the thalleioquiu test It is said 
to he insoluble in strong hydrochloric acid, but dissolves in strong 
nitric acid with bright yellow, and m strong sulphuric acid with 
reddish-yellow coloui ]j 2 H 2 S0 4 forms colourless prisms, ? ecuhly 
soluble tn cold mate) BHNOg forms short prisms melting at 195°, 
and very sparingly soluble in cold water (1 500) 

Cupreine, C 1b H 22 U 2 0 2 , or C 18 H 20 (OH)U 2 .OII This mteieBt- 
mg alkaloid was discoveied by Paul and C o w n 1 e y m the baik 
of Cinchona oupea or Remijia 2>eduncitlala, a tieo giowing in the 
districts suuoundmg the Magdalena Rivei and the Upper Ounoeo 
Since 1881,, cuprea baik has Leon largely used for tlie manu- 
facture of quinine 2 

Cupieme crystallises from alcohol m the anhydrous form, but 
fiom ether m concentric pusms containing 2 aqua When the alco- 
holic solution is diluted with water, the precipitate contains B 2 + 
aqua The hydrates lose their water at 125° Cupreine is only 
sparingly soluble m ether or ehloiofoi m, but readily m alcohol The 
alcoholic solution is leevo-rotatoiy (S D =— 175 3°), alkaline, gives 
a dark reddish biown coloration with ferric chlonde, and responds 
to the thalleioquiu test The solution of cupieme m dilute sul- 
phuric acid is not fluorescent The fiee base precipitated by 


1 SfSc and Bockefontaiue (Compt Rend, , c 868) found emclionamine 
(sulphate) six times as toxic as quinine, cinclionidmo, or cinchonine An 
injection of 0 26 gramme killed a guinea pig in a few minutes 

2 For the preparation of enprome, the crude quinine sulphate fiom the 
cupiea bark is dissolved m dilute sulphuuc acid, excess of caustic soda added 
and the quinine oxtiacted by agitation with ether The sopaiatod alkaline 
hqmc is non ti aimed with sulphhno aoid, when cupiamo sulphate ciystallises 
out The sulphate is treated with ammonia and hoilmg ether, fiom which 
the eupromo ciystallises on cooling 
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ammonia is only slightly soluble m excess, and may bo extracted 
by ether When cupreine is liberated from a salt by a fixed 
caustic alkali, it dissolves on adding an excess of the reagent, 
forming (with soda) a definite crystallisable compound containing 
CA^O ONa, from the solution of which the alkaloid cannot 
he extracted hy ether. 1 This behaviour is due to the presence of a 
hydroxyl-group having a phenolic character (compare Morphine, 
page 311) The cupieinates of potassium and sodium are 
very soluble m watei, and the coriespondmg compounds of calcium, 
lead, aud silver have a strong alkaline reaction, and are moie or 
less soluble m water. Fiom the fact that alkalies form only 
mono-derivatives, while two atoms of the hydroxyl of cupiejne 
can he replaced by acetyl, 2 it is probable that the hydroxyl-atoms 
have different functions, as is the case with those of the moiphme- 
molecule 

When heated with hydrochloric acid (sp gr 1 126) to 140°, 
cupreine is converted into apoquuune, without fm mat ion of methyl 
chlonde, 

The conversion of cupremo into quinine is descubed on page 398 
Cupieme yields two classes of salts Those of the general 
formula BA aie sparingly soluble, and the aqueous solutions have 
a yellow colour, though their alcoholio solutions are perfectly 
colourless The salts of the formula BA 2 are, as a rule, pretty 
freely soluble, and their aqueous solutions are colourless. 

Cupi sine Sulphate, B 2 H 2 S0 4 + 6H 2 0, crystallises m minute 
white needles, very difficultly soluble in cold water, and insoluble 
in a saturated solution of sodium sulphate BH 2 S0 4 +H 2 0, 
crystallises in prisms sparingly soluble m cold watei Cupieme 
tarti ate forms delicate efflorescent needles, very sparingly soluble m 
cold water Cupreine thiocyanate is produced on adding potassium 
thiocyanate to a hot solution of the monohydrochloride The 
liquid becomes tuibid and gradually deposits amcnlar crystals of 
the salt It is very sparingly soluble m, and is precipitated in an 
oily form by, an excess of the precipitant 

Homo quinine, "When molecular proportions of quinine and 

1 When supreme and caustio potash or soda aie mixed m molecular piopor 
turns, a poition of the alkaloid (10 to 20 per cent ) is extracted on agitation 
with ethei, but this may be pievented by using some excess of alkali 

a DiAOBm-oupmuNB, ,0,„H 2 „(C 3 H 8 0) 2 N a 0 2 , was obtained hy Hesse by heat- 
ing cupreine with acetic anhydride to 85° for a few hours. It fmms hexa- 
gonal plates melting at 88°, and is soluble m aloohol, clilorofoim, and ether, 
Tho alcoholic solution is stiongly alkaline, gives no colour with feme chloride, 
but is turned dark gieon by chloime and ammonia. By caustic alkalies, the 
base is hydrolysed m a few minutes with formation of oupieme and acetio acid 
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cupreine are dissolved m dilute acid, and the solution preoipitated 
by ammonia and shaken with etkei, the solvent deposits on evapo 
ration characteristic crystals 1 of a molecular compound of quinine 
and cupieine containing C 2ft H 24 hT 2 0 3 , C W H 22 N 2 0 2 + 4 aqua The 
same substance is readily obtainable by precipitating a solution 
of sodium cupremate with one of quinine •hydrochloride . — 
CaoHjAOj, HOI + C joHjiNjO . ONa - NaCl + G 80 H a4 K a O 2 , C J8 n a ,IT,0 OH 
Tina remarkable compound was discdvoved and described simul- 
taneously by Howard and Hodgkin {Jour Cham Soc , xli 
66), Paul and Oownley (Pharm. Jour , [3], xn 497), and 
W. G "Wliiffen. under the name of bomoquinme, prim to 
the isolation of cupreine by P a u 1 and C o w n 1 e y (Pharm. Jaw , 
[3], xv 221) It forms salts, having different characters from those 
either of quinine oi cupreine, and is only resolved into its consti- 
tuents by precipitating the solution with excess of caustic soda, when 
the quinine may he shaken out with ether, while the cupreine 
remains in. the alkaline liquid as sodium cupremate 

The analytical diffeioncos between homoqmniue and cupreine 
have been fully described by Paul and Oownley (Pham. 
Jour., [3], xv. 402). 

Cinchona Barks. 2 3 

The bailc of various species of Cinchona, which, with about 
thnty other allied geqeru, constitute the tribe Cinchanm (order, 
Rnhiacem), have been long known for then antifeluile properties. 
These piopeities are chiefly due to peculiar alkaloids contained 
therein, which alkaloids are absent from all the allied genera, 
except certain species of Remijia 
Nearly forty species of cinchona have been desenhed, many of 
which can only he discriminated with groat difficulty The cin- 
chonas form a very intricate genus, one senes running into another 
. through a senes of inteimediate forms, the number of winch is 
limited to some extent in them native countiy by the fact that 
particular species are practically confined to certain districts and 
elevations 

Only some seven distinct species of cinchona yield haik of any 
practical importance These aie — 

a Pale or Crown Bark, yielded by Cinchona officinalis (Pern) 
and allied species It ocours m quills, with a rough, blaalash- 
bxown or dark grey surface (For analyses, see page 446 et seej.) 

1 Hoiuoqmmne is deposited fiom ether m very tlnn pnwiatia lanumc, hav- 

ing ohai aotensticolly-shaped ends terminated with two oblique planes. 

3 French ; Mcorees de Quinquina. German ; Chinannden. 
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b Yellow or Oalisaya Baric is, with the exception of Ledger 
bark, the richest of all the cinchona harks. It now usually occurs 
m quills having a rough suiface, hut formerly was met with m 
flattened pieces known as “ flat yellow hark ” 

c Bed Bail, from O rubra and 0. succimha , is distinguished 
hy the led colour of the sap and mature hark It is extensively 
cultivated m India, and is remarkable for the large propoition of 
cinchonidme contained m it (Eor analyses, see page 446 
e t s eg 

d Pitaya Baric, from O. Pitayensis, is imported m short, 
brownish, curly pieces, rich m q u i n i n e and qu mi dine 

e Columbian and Qurthagena Bails, from G lueumifoha and 
lamifolia, are lmpoited ni soft quills oi broken pieces of very 
variable quality Quinine is often wholly absent ( Year-Bool 
Pharm, 1888, page 426). 

/ Ledger Bari, from Cinchona Ledgenana, is the richest in 
quinine of all cinchona harks 

g Cuprea Bark, yielded hy B&mijiapedunculala, is not a true cin- 
chona hark, and is the only known species of any other genus which 
yields quinine, though the allied alkaloid cinch on ami no 
(page 438) has been found in JR Pwdieana Cuprea hailc is peculiar 
m containing the interesting alkaloid cupreine 1 (page 438) 
Hybnd baiks are often produced, especially crosses between C 
ofiicinahs and C succirubra (bee page 447) 

A concise description of the chief kinds of cinchona bark, with 
their distinguishing characteristics, lias been published hy W 
El home (Pham. Jow> , [3], xiv 653) 

The Biitish Pharmacopoeia of 1886 gives the following as the 
characters of official (red) cinchona bark, from Cinchona sucni ubra. — 
“In quills, oi more or less incurved pieces coated with the 
periderm, and varying m length from usually a few inches to a 
foot or more — the hark itself fiom about one-tenth to a quarter 
of an inch thick, or rarely moie , outer surface more or less lough 
from longitudinal furrows and ridges, or tiansverse cracks, annular 
fissures, and warts, and brownish or reddish-brown in colour , inner 
surface brick-red or deop reddish-brow n, incgulaily and coaisely 
striated, fractuie nearly close m the smaller quills, hut finely 

1 Formally, the cinchona trees were mvauably out down and the baik 
Stripped off and dned m the snn or on lnudles ovci afire A greatly mpioved 
plan is to make longitudinal incisions m the bark of the growing tiee, remove 
about half the baric, leaving the lemamdei intact, and. cover the stem with 
moss Flesh baik is then formed veiy lapidly, and tins renewed baik not 
only oontams a laigei peicentage of total alkaloids than the onginal, hut 
the alkaloids contain a very much larger piopoition of quinine. 



442 COMPOSITION OF CINCHONA BARKS. 

fibrous m the larger ones , powder brownish or reddish-brown , no 
marked odour , taste bitter and somewhat astungent M1 

The characters which conventionally determine the market- 
value of “ druggists’ quills ” are often veiy fallacious, and have no 
relation to the real quality of the hark. A silvery coating on the 
epidermis of the hark is one of tho points to which a factitious 
importance is attached, and renewed bark, though richer m alkaloid 
than natural, does not sell readily foi drS^gists’ purposes owing to 
the absence of the above characteis, though it is readily bought by 
quinine manufacturers 

A specimen supposed to be one of cinchona hark can be readily 
identified as such by heating a small quantity in a test-tube, when 
a carmine-red or purple tar will be produced if the sample oonhun 
any of the cinchona alkaloids 

Composition op Cinchona Barks 

Cinchona baiks contain, in addition to woody fibre, starch, gum, and 
mrneial matteis — the charactenstic alkaloids; quinovin, 
and cinchona-red, cmchotannic and qumie acids; 
colouring-matters, wax, fat, aud traces of volatile 
oil, 

Water extracts only a portion of the alkaloklal constituents of 
cinchona bark, and a hot infusion becomes turbid on cooling from 
the separation of sparingly soluble cinchotannates of the alkaloids. 
The solution obtained by treating cinchona bark with acidulated 
water gives a white precipitate with tannin, a whitish precipitate 
with caustic alkalies, and a yellow crystalline precipitate with 
platime chloride. Either of these precipitates yields the charac- 
teristic odour of quinoline when subjected to diy distillation. 

The Ash of cinchona barks from South American sources was 
found by C a r 1 e s to contain a sensiblo amount of coppei , but this 
metal was not detected by B. Hooper in the bark from trees 
cultivated m India (Phann. Jour , [3], xvu 545), though m other 
respects the general results are in agreement The average total 
ash fiom upwards of 300 specimens of Indian baik was found hy 
Hooper to exceed 3 per cent Renewed and old natuial harks 
contam less, but the propoition never falls below 2 per cent 
Young and branch barks give as much as 4 per cent, of ash, and 

1 This description infers to led omchona bark m quills, which, in tho 
edition of 1886, replaces the flat led hark of South America, official in the 
Pluii macopma of 1807 The editois judiciously omit to name the place of 
origin, whether South Amencu, Madias, or Geylon , but they also omit to 
recognise red bark m shavings, although tins is the form m whioh it is so 
most commonly met with in commerce, and notwithstanding that the shavings 
are often much superior, as legauls tho amount of quinine, to other forms 
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the leaves fiom 5 to 6 per cent From 24 to 27 per cent of the 
ash is soluble in water, and an additional 67 to 7'0 pei cent, m 
acid, leaving S to 6 per cent, of silica insoluble 

Quin ovik, or Chinovih, is an indifferent body which appears to 
be a constant constituent of the cinchonas, but m a proportion 
seldom exceeding 2 per cent It is dissolved on treating the baik 
with weak soda, and on adding hydiochloric acid to the solution is 
precipitated in admixture with qumovic acid and cmohona-recl. 
Treatment with milk of lime dissolves the qumovm and qumovic 
acid, which aie reprecipitated by an acid and separated by treat- 
ment with chloroform, wluch dissolves the quiuovm only 1 

Qmnovin has leoontly been re-investigated by Liebermann 
and Giesel ( Benchte , xvi 987 , PJiann Jour, [3], xvi 987), 
who ascribe to it the formula C 8a H 02 O u They believe two 
distinct modifications to exist, a-quinovin being present m 
cinchona hark and /3-qumoviq in cupiea bark, a-quinovm is 
a white, veiy light, crystalline powder, quite insoluble m cold and 
almost insoluble m hot water, but soluble m cold caustic alkalies, 
lime and baiyta water, and ammonia It is difficultly soluble m 
chloroform, ether, and benzene It dissolves m nearly absolute 
alcohol (43 100 at 15°), and is obtained on evapomtiou over 
sulphuric acid as a gummy mass without any tendency to 
crystallisation, but it separates on diluting tlie solution with 
water in rosettes of clear, veiy small needles 'When precipi- 
tated by treating its solution m more dilute alcohol with water 
it is deposited m glitteiing white scales The alcoholic solution 
of qmnovin is clextio-rotatory (S = -(-56 6), does not reduce 
Fehlmg’s solution, and does not undergo feimentation with yeast. 
The powdei is veiy bitter In concentrated sulphuric acid it 
dissolves with orange-yellow colour and evolution of carbon mon- 
oxide Its solution m glacial acetic acid is faintly blue, as is 
also the precipitate tlnown down on diluting the solution with 
watei 

/3 -qmnovin closely resembles its isomei,, but is not soluble m 

1 Qmnovin is piepared by Liebermann and Giesel fiom a bye-pioduct 
obtained when the cinchona bases aie extiacted fiom built by means of alcohol. 
On distilling off the alcohol, and treating the extiact with a dilute mineial acid, 
the alkaloids aie dissolved as salts The mBolublB blown lesmons mattoi is 
digested with warm lmlk of lima, and the filleied liquid pieolpitutod by 
hydiochloric acid. The piecijutate is dned and digested with alcohol, which 
leaves a little qmnovic acid nndissolved as a white powder The blown 
solution is diluted with water till a piecipitate commences to form, when 
small crystals of qumovin sepaiato on standing By i oeiystallisation hum 
dilute alcohol it is obtained pure m the form of small glittering scales. 



444 


QTJINOVIC ACID. 


absolute ether or ethyl acetate, and crystallises icadily from dilute 
alcohol m handsome scalos In nearly absolute alcohol it dissolves 
freely with slight evolution of heat, hut after a tune, even if 
evaporation he prevented, the greater part separates in glassy 
crystals containing C 38 H 82 O u + &C 2 H b O, which effloresce very 
rapidly in the air with loss of the alcohol The specific rotation 
of /3-quinovm is -j-27 9° 

When boiled for some time with dilute sulphuric acid, or, 
preferably, when their concentrated alcoholic solutions are saturated 
with hydrochloric acid gas and allowed to stand m a closed vessel 
for thirty hours, both the qumovins nndeigo complete decom- 
position into quin o v 1 o acid and qmnovit, a saocharoid 
body apparently containing C 0 H JS Oi This substance is veiy hygro- 
scopic, and has not been obtained ciystallino, hut may lie distilled 
unchanged m small quantities, has a sweet taste with a bitter 
alter-taste, is clextio-rotatory, and does not reduce Folding’s 
solution even after boiling with acid It is doubtful if qumovit 
has been obtained pure 

Quinovic Acid, G 82 H 4fi O fl , is constantly present in cinchona barks 
m small pioportion, and forms a snow-white powder of tasteless 
needles or scales, quite insoluble m water, etliei, or chlorofoim, 
and only very sparingly soluble in boding alcohol or glacial acetic 
acid. It is best dissolved by adding ammonia to the alcohol, and 
may he repreoipitated by acetic acid Quinovic acid decomposes 
carbonates, and is soluble in ammonia and solutions of the caustic 
alkalies and alkaline earths, the solutions frothing like soap The 
ammonium and calcium salts crystallise from alcohol in needles , 
the formei salt losing its ammonia by exposure to air, or on boiling 
its solution On adding an acid to an alkaline solution of quinovic 
acid, a hydrate of quinovic acid is thrown down as a very voluminous 
jelly, the whole contents of the vessel solidifying In this form 
qumovic acid is very soluble m ether and alcohol From the 
solution, the insoluble form of the acid separates m needles on 
standing. Quinovic acid gives with cupric sulphate first a 
green colour and then a precipitate, and the latter, when washed, 
has a bitter metallic taste When heated to about 300° C , qumovic 
acid yields pyroquinovic acid, carbon dioxide, and 
secondary products 

Cinohotannin or Cinohotannio Aoid, C 14 H 10 O 9 , is a glucoside 
which is an important constituent of omohona barks, m which it 
exists in the proportion of 3 to 4 per cent It may be precipitated 
as a lead salt from a decoction of bark— previously treated with 
magnesia to separate — • J1 i ’ ” " id acetate. 

'Hie yellow precipitat _ hydrogen 
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yields a solution of cmchotanmc acid. It is a yellow, amorphous, 
very hygroscopic substance, very soluble m water, alcohol, and 
ether, gives a green colour with feme chloride, is precipitated 
by starch, albumin, gelatin, and tartar-emetic, is hydiolysed by 
dilute acids into glu co se and cinch ona-red, gives proto- 
catechuic and acetic acids on fusion with caustic potash , 
yields pyiocatechol on dry distillation , and is readily 
decomposed in presence of excess of alkalies, with formation of 
cinchona-red The cmchotannates of the alkaloids existing 
naturally m cinchona hark are difficultly soluble m water, but 
dissolve readily in acidulated water — piobably with decomposition 

Cinchona-bed or Cinchofulvio Aoid, C 12 H u 0 7 This is the 
natural colounng-matter of (red) cinchona barks, from which it 
may be extracted by treatment with alkalies It is re-piecipi- 
tated from its led ammomacal solution on addition of hydrochloric 
acid The solution also yields a led precipitate with barium 
chlonde Cinchona-red is also produced by boiling cmchotanmc 
acid with dilute sulphuric acid, glucose being simultaneously 
foimed On fusing cmchona-red with potash, protocatechuio 
acid, C 7 H fl 0 4 , is pioduced Cmchona-red is insoluble m water 
or ether, but sparingly soluble in alcohol It is sometimes present 
in red bark to the extent of 10 per cent 

Quinic Aoid or Kinic Aoid, CjHjoOg, crystallises m well- 
defined hexagonal plates, fusing at 161 s C It has a stroug and 
purely acid taste, and is soluble m 2 parts of water, less soluble 
m alcohol, and almost insoluble m ether. Its solutions are l®vo- 
rotatory When distilled with manganese dioxide and sulphune 
acid, kmio acid yields quin one, C 8 H 4 0 2 , which is deposited 
m deep yellow prisms on the cooler part of the apparatus This 
reaction was proposed by Stenhouse as a test for true cinchona 
bark 

The Alkaloids are the most important constituents of cinchona 
barks, m which they exist m the form of cmchotannates and qumates 
The principal of them have aheady been fully described (page 398 
et beq ) The official tincture and liquid extract of cinchona contain 
only a poition of the alkaloids of the bark used foi their preparation 
(. Pharm Jour , [3], xiv 445, 797 , xv 453, 480) 

Some lands of cinchona baik are occasionally wholly destitute 
of aljcaloids Such specimens do not give a carmme-red tar when 
heated m a dry tube, this reaction being produced only when a 
■cinchona base is heated with woody fibre. 

The proportions of total alkaloids, as also the percentage of 
quinine, are extremely variable (see Pharm Jour, [3], xiv 444, 
445, 458, 797, 810, xv. 411, 453, 480), and chemical analysis 
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is the only means of forming an opinion as to tlie richness of a 
specimen of baik De Yrij found the 0. officinalis grown at 
Oobacamund to contain a pioportion of total alkaloids varying from 
11 96 per cont (of which. 9'1 per cent, was quinine) down to less 
than 1 per cent. Quinine is not seldom ahsont fiorn harks con- 
taining certain other of the cinchona alkaloids. The highest yield 
of total alkaloid known is about 15 per cent An Ootacamund 
baik has been found to contain 13| per cent, the greater pirt 
being quinine. In eighty specimens of Qalisaya Ledgeiiana, fmin 
Java, Moens m 1879 found from 12*50 to 1 09 pei cent, of total 
alkaloids, the qumme ranging from 11 6 to 0*8 pei cent, 

Of late years, owing to improved methods of cultivation, the 
propoi tion of quinine has sensibly increased In the same species 
of cinchona, the natiual bark, mossed hark, and renewed baik con- 
tain very different percentages of quinine, the last being the richest ; 
besides which the external conditions under which the trees ore 
grown largely affect the relative and absolute proportions of the 
alkaloids in the hark. 

Quinine and cinchonine are the cinchona alkaloids of the most 
frequent occurrence Cinohonidine is hardly less common, and it 
occurs very largely m Indian led hark Quuudine is not very 
frequent, and is never present m large amount 

The following axe analyses Ly D Howard of baik from 
cultivated cinchona trees giown near Bagota, United Stales of 
Columbia (New Grana’da). The characteis of the balks have been 
described by E. M. Holmes (JPhatm Joui , [3], xxn 876) 
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J This to by do means atypical analysis of suedrubra bail (see footnute, i ago 417) 


The following _ aie analyses by D Hooper, Government 
Qumologist, of oinchona barks grown m the Madras Govern- 
ment plantations, and shown at the Indo-Colom&l Exhibition in 
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Analyses of a number of cinchona barks from Madras have 
been published by B H Paul (Pkanu Join , [3], xiv 666) 
D Hooper ( Year-Book Pharm., 1888, page 430) gives the 
following as the percentage propoitions of alkaloids m typical 
barks from trees giown on the plantations of the Madras Govern- 
ment , 1 — 

1 In commenting on these lesults, B H. Paul strongly depiccated the 
preference given to the led haik ovei that of the ciown and Celisaya bulks, 
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Hooper gives the following as the average centesimal com- 
position of the alkaloids from numerous species of the above 
barks : 1 — 



Bed Barts » 

Crown Barks 

Hybrid Burks 

Quinine, 

22 2 
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412 

Olnohonldine, . 
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Quinoline, .... 
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Cinchonine, . 
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Amorphous alkaloids, , 
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winch had acted prejudicially on all ooncoine 
to the B. Pharmacopana, with the result tlu 

d This piojiuhce bad extended 
t “ eveiy bulk prepaiation that 


appealed there was, in faot, an officially adultoiatod aitielo,” and contained for 
overy unit of quinine, the only really valuable constituent, 2, 3, oi 4 per cent, 
of the compaiatively valueless ones ( Keoi -Book Pimm , 1888, page 440) TIio 
typical crown bark, of which the analysis is given m the text, Paul legavdod as 
of only tnfeuoi quality, the proportion of alkaloids yielded by clown baik of 
any value being ftom 3 to 6 per cent ot snlphate of quinine, and some, tiling 
less than 1 per cent of cmohomdino In the ted hark these pioportious were 
leveisad, the quuuno being usually 1J pei cent., with 8, 4, and 5 per cent of 
cinchonidine Red bark had become a di ug In the market, and almost woi tlileas 
as a source of quinine In replying to these criticisms {Pham Jow , [8], 
six 604), Hooper pointed out that the fifty mown barks of which the analyses 
weie given woie undoubtedly of a typical diameter , harks of the richer species, 
as angushfoha, weio purposely omitted , and that mossed and lcnewed bulks 
aio also eliminated. 

1 See foregoing footnote. 

2 The mixed total alkaloids of red bark have been intioducedmta couimeica 
under the name of “ Qumo turn ” Thispiepaiatioiiis completely soluble m 
warm, stiong alcohol , 8 1 grammes dissolved m 10 c.o of noimal hydioohloric 
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Assay op Cinchona Barks 

The complete assay of the various species of cinchona bailt, with 
the view of ascertaining the propoition of the diffeient alkaloids 
contained m them, is a process at once important and difficult. A 
great many methods have been proposed, but very few can be 
trusted to yield accuiate results when employed by chemists unused 
to them. Again, a piocess which is suitable when quinine is the 
chief alkaloid present becomes difficult of application when the 
cinchonidine is m excess Unfortunately, also, certain processes 
which are extensively employed by professed quuiologist3 are kept 
strictly secret 

In choosing a process of assaying cinchona bark, dne considera- 
tion should he given to the land of information required Thus, 
a pharmacist desmng to know the alkaloulal strength of his hark 
will require a less accurate and elaborate process than a manufacturer 
buying bark for the extraction of quinine. Again, m some cases 
it is sufficient to deteinnne the peicentage of total alkaloids, while 
in others it is very important to ascertain the proportion of crystal- 
lised sulphate of quinine which the hark is capable of yielding. 
On this aoeount, it is desirable to discuss the deteixmnation of the 
total alkaloids and of the actual quinine separately 

a The British Pharmacopeia of 1885 prescribes the following 
standard of quality and method of assaying 1 red cinchona bark — 
“ Test — When used for pui poses other than that of obtaining 
the alkaloids or their salts, it should yield between 5 and 6 
per cent of total alkaloids, of which not less than half sliall 
consist of quinine and cinchonidine, 2 as estimated by the following 
methods — 

“ 1 For Quinine and Oincliomdine — Mix 200 grams of led 
cinchona bark, in No 60 powder, with 60 giams of hydiato of 

naid should give a clear solution, which, on addition of 2 giamtnes of Rochelle 
salt must yield a precipitate equal m weight, after diymg, to at least 85 per 
cent, of the quwotum taken — (From the Unofficial Foimulaiy of the Dutch 
Society for the Advancement of Pliaimacy, Pharm Joui , [3], \u 882 ) 
“ Qumetum sulphate ” oceius m eommeioe in a peifectly ciystallised foini 
1 Based on a method devised by E It Squibb (Ephancns, 1 108) 

3 This is not a very exacting reqmiemont TJnftntnnately no indication is 
given of the propoition of actual quinine which should be piesent Con- 
sequently, one bark may have doable the intrinsic value of another, and yet 
both be fauly np to the B P standaid. It is quite possible tor a balk to 
contain the required propoition of total alkaloid, of which ono-half shall 
consist of cinchonidine and quinine, hut still only traces of the last alkaloid 
to he present As the shavings aie oxoluded, and the established piejndice 
as to the appearance of quills tonds to favour the uee of natural lather than 
the rioliai leneweil bark, the general effect is to promote the use of the least 
yOL in. PART II 2 F 
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calcium , slightly moisten the powdeis with half an ounce of 
water , mix the whole intimately m a small porcelain dish or 
moitar ; allow the mixture to stand for an hour or two, when, it 
will present the characters of a moist, dark hrown powder, m winch 
tlieie should he no lumps or visible white particles Transfer 
this powdei’to a six-ounce flask, add three fluid ouin.es ol benzol, i ted 
amylie alcohol, 1 boil them together for about half an hour, decant 
and drain off the liquid on to a filter, leaving the powder m the 
flask , add more of the benzolated amyhe alcohol to the powder, 
and boil ami decant as before , repeat tins operation a third tune , 
then turn the contents of the flask on to the filter, and wash by 
percolation with more of the benzolated amylie alcohol until the 
bark is exhausted If, during the boiling, a funnel be placed m 
the mouth of the flask, and another flask filled with cold watei 
he placed m the funnel, this will form a convenient condenser 
which will prevent the loss of moie than a small quantity of tho 
boiling liquid Introduce the collected filtrate, while still warm, 
mto a stoppeied glass separator , add to it 20 minims of diluted 
hydiochlonc acid, mixed with 2 fluid drachms of water , shako 
them well together, and when the acid liquid has separated 
this may he drawn off, and the process repeated with distilled 
water slightly acidulated with hydrochloric acid, until the whole 
of the alkaloids have been removed The acid liquid thus obtained 
will contain the alkaloids as hydrochlorales, with excess of hydro- 
chloric acid It is to he carefully and exactly neutralised with am- 
monia while warm, and then concentrated to the bulk of 3 fluid 
draolims. If now abont 15 grains of tartaiated soda, dissolved 
m twice its weight of water, be added to the neutial liydio- 
chlorates, and the mixture stirred with a glass rod, insoluble tartrates 
of quinine and cmchomdme will separate completely m about an 
hour , and these collected on a filter, washed, and duod, will contain 
eight-tenths of their weight of the alkaloids, quinine and emchoip- 
dme, which, divided by 2, represents the percentage of those alka- 
loids The other alkaloids will he left in the mother-liquor ” 

“ 2 For Total Alkaloids — To the mother-liquor from the pre- 
ceding process add solution of ammonia m slight excess. Collect, 
wash, and dry the precipitate, 2 which will contain the other 
alkaloids The weight of this preoipitate, divided by 2 and 

valuable lauds of bark for phaunaooutical puiposes. In tlio present Pharma- 
copceta definition, tlia quinine standard of emofiona baik is leduoed muck 
boloiv that of the 1867 edition, and only corresponds to a oontent of about 
1 per cent of quinine 

1 Piepaied by mixing 3 volumes of benzene with 1 of amylie alcohol. 

’ It would be fiettei to extiact the alkaloids with chloroform. 
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added to the percentage weight of the qummo and cmchomdine, 
gives the peicentage of total alkaloids” 

b The following method of determining the total alkaloids of 
cinchona bark is that of J E D e Y r 1 j, with ceitam modifications 
suggested by A B Prescott and J, M u t e r It is practically 
the official process of the TJmted States Plia'nnaeojpaeia, and is 
applicable to all varieties of bark. Twenty grammes of the finely- 
powdered bark, weighed after drying at 100° 0, is thoroughly 
mixed with 5 grammes of quick-hme and 50 c c of watei The 
mixture is then dried at a very gentle heat, not above 70° to 
80° C When diy, it is transferred to a flask fitted with an 
inverted condenser, and boiled with 200 c c of the stiongest 
rectified spirit 1 The liquid is allowed to cool, and is then passed 
through a filter six inches m cbametei, and the residue is again 
boiled with 100 cc of alcohol, and then washed twice with 
alcohol, using 50 cc each time The filtrate is next rendeicd 
slightly acid by dilute sulphuric acid, and, nftov allowing any 
precipitate of calcium sulphate to subside, the liquid is passed 
through a very small filter, which is washed with a little alcohol 
The filtrate is evapoiated or distilled till the alcohol is oxpellcd, 
cooled, and again passed through a small filter, tho precipitate, 
consisting of qumovic acid and fatty matter, being it ashed with 
water slightly acidulated with sulphuric acid The filtrate, which 
contains the alkaloids m the foim of acid sulphates, is then con- 
centrated to about 60 c c or less, and transfened to a sepaiatoi 
of 100 to 150 cc capacity Soda is next added m decided 
excess, and the liquid containing the separated alkaloids then 
shaken without delay with 30 to 40 cc of previously washed 
chloioform Aftei a few minutes’ agitation, tho liquid is left at 
rest till the chloroform has completely sepaiated from the aqueous 
layer The lower stratum is then tapped oil, and tho watery 
liquid agitated three times moie with chloioform, using fiom 
25 to 30 cc on each occasion Tho mixed chloroformie solu- 
tions aie then distilled to a small hulk, the lesnlual liquid 
evaporated to dryness, and the residue diied m the water-oven 
till constant m weight Tho amount so found represents the 
total alkaloids m the 20 giammes of the bark taken Cinchonine 
and cmchomdine readily become anhydrous at 100°, and quinine 
may be trusted to do the same Quuudme retains 2 aqua m the 
water-oven, but the proportion m which this base occurs is too 

1 The spuit may be methylated, but should bo pioviously dehydiated to 
about 9S pel cent by being kept m contact with lieslily-igniled potassium 
oaibonate A Soxhhrt’s tube or equivalent ariangcment might piobahly bo 
advantageously employed foi the alcoholic treatment desenbed m the text. 
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small' to affect appreciably the accuracy of the assumption that 
the alkaloids aie weighed in the anhydrous state If preferred, 
however, the temperatuie may he raised to 115° C 1 

For the assay of yellow cinchona hark, ether may he substituted 
for the chloroform employed m the above piocess 

a The following method of assay is due toProllius (Ai chiv 
d. Phai m, , ccix 85, 572), with precautions suggested by D e V r i j, 
Biel, and others It is practically the process of the German 
Pharmacopoeia (1882) — Prepare a mixtuio of 85 parts of other 
(sp. gr 0 724 to 0 728), 10 parts of alcohol (sp gr. 0 830 to 
0 - 834), and 5 parts of ammonia (sp gr 0 960), all by weujht, 
making 100 paits in all Treat 10 or 20 grammes (according to 
its supposed richness) of the previously dried and veiy finely- 
powdeied cinchona hark in a tared glass-stoppered bottle with 
twenty times its weight of the above solvent-mixture, observe the 
exact weight of the bottle and its contents, and agitate at intervals 
duiing four houis If any loss of weight occurs, adcl sufficient of 
the solvent-mixture to restore it, agitate and weigh again Care- 
fully decant into a flask as much of the solution as can bo poured 
off perfectly clear, and ascertain the quantity taken by xe-weiglnng 
the stoppered bottle Distil off the ether, evaporate the residual 
liquid m a tared beaker at 100°, and weigh the residue when 
thoroughly dry Then — 

Weight of solvent mixture employed X weight of residue , / total omde alkaloids 
Weight of alkaloldal solution deoanted l * u bark taken 

’ The crude alkaloids thus obtained are dissolved m dilute 
hydrochloric acid, the solution filteied, and the filtiate made 
alkaline with caustic soda and repeatedly agitated with chloroform, 
which is separated, ovaporated, and the residual alkaloids weighed 
after drying at 100° m the usual way De Vnj found tho 
puiified alkaloids so obtained from a red Java baik to be 83 5 per 
cent of the total ciude alkaloids previously extracted 
1 With a few modifications of mmoi lnipoitanee, the method desenhod m 
the text is that used hy most qumologists One well known authouty piofoiB 
to work on ft very laige quantity of the bark (about 2 lbs ) Having li rated 
with lime, alcohol, and acid m the mftnnei described m the test, ho pio- 
cipitates the aqueous solution of the sulphates with soda, hlteis, washes 
slightly, dissolves the piecipitate in acetic acid, and filters from any undis- 
■solved colouring-matter The filtrate is divided into two equal parts, A ami 
B A is pieupitated by ammonia, filteied, and tbe filtrate shaken with 
chlorofoim, which is then used to dissolve oft the alkaloids from tlm filter 
Tho solution is evaporated, and tho total alkaloids weighed, after drying at 
116“ G B is treated m a manner similai to A, but the chloroform is roplaeod 
by ether , The alkaloid thus dissolved is called "quinine,” the difference 
between that and the total alkaloids being the “othei alkaloids ” 
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d The following method for the estimation of the total alkaloids 
of cinchona hark is that of H a g e r The acciuacy of tho method 

has been confirmed by 0 Me din (Zeit Anal Chem, vni 4 77, 
ix. 447) , — Ten grammes of the dried and finely-powdered hark are 
treated for a short tune with 100 c c of water and 10 grammes of 
caustic potash solution of 1 35 specific gravity The mixture is 
then heated and kept at the boiling-point for a quarter of an hour. 
Fifteen grammes’ weight of diluted sulphuric acid (sp gr 1 116) 
is next added, and the whole boiled for twenty minutes. After 
cooling, both liquid and residue are trail sfei red to a measmmg 
cylmdei, and diluted with water till the whole has a volume of 
110 ec 1 The liquid is then passed tluougli a dry filtei, and 
60 cc. of the filtrate ( = 6 grammes of bark), mixed with 50 ce 
of a cold, saturated, aqueous solution of picric acid. Aftci 
standmg for half an hour the precipitated picrates are filtered 
off, washed with a little cold water, dried at 100°, and weighed 1 
The product contains 42 5 per cent of its weight of alkaloids, 
calculated as quinine A preferable plan is to suspend the 
washed piecipitate m cold water, add excess of caustic soda, 
and agitate with clilorofoim The cliloioformxc solution of the 
alkaloids is then treated as m process b The picnc acid method 
of assaying cinchona barks is said to be accurate, easy, and ex- 
peditious 

Separation of Cinchona Bases. 

The separation of the alkaloids of cinchona and allied barks is 
an extremely complex operation, and as respects the larer alkaloids 
outside the scope of this work But the accurate separation even 
of the commoner alkaloids, such as is frequently required for com- 
mercial purposes, is very difficult, and its accurate performance 
presents special obstacles to an inexperienced analyst In some 
cases it is sufficient to determine the proportion of ciystallisahlc 
quinine, which may be effected as descubed below, but m other cases 
it is necessary to determine also the cinchonine, cmchonidmo, and 
occasionally the qumnlme, qumamme, and amorphous alkaloids. 
For the separation of quinine from the admixed alkaloids, ether is 
usually employed, but it must be remembered that the separation 
effected by this solvent is not an absolute one, all the fiee cinchona 
bases being more or less soluble m ether, especially m the presence 
of quinine The anhydrous sulphates of quinine and cinchomdme 
are almost insoluble m cliloioform free from alcohol (see page 430), 
but in preseuce of sulphate of emclionmo or qumickne sensible 
1 This is allowing 100 c o. for the liquid, and 10 o o for the bulk of the 
residual woody fibre, &c 



454 


SEPARATION OF CINCHONA BASES 


quantities pass into solution Crystallisation of the quinine 
sulphate from water affouls a simple and fairly accurate mode of 
separation, which has the advantage of being sinulai to the pro- 
cess employed by the manufacturer, and hence is regaidedbymany 
as furnishing the beat pioof of the yield likely to be obtained m 
practice The following method of separating the quinine in the 
faun of sulplmto is described by J Muter ( Analyst , v 223) — • 
Treat the total alkaloids, or the ethei-residue from 20 grammes 
of baik, with waim distilled water slightly acidulated with dilute 
sulphuric acid, till the mixture is perceptibly acid Add water to 
make 70 cc foi each 1 gramme of alkaloids taken, and then very 
dilute soda with constant stilling till the liquid is exactly noutral, 
with a fault tendenc) to acidity Digest the liquid at 85° C for 
five minutes , then cool, and leave at 15° C for one hum Filtei 
the liquid through a small double filter (2| inches diamolei), the 
two filteis being previously tummed to equal weight, and lccoive 
the filtrate m a graduated cylinder Wash carefully with water 
at 15° C till the filtrate and washings measure 90 cc foi each 
1 gramme of the mixed alkaloids The filtei and contents aie 
now completely diied at 100° G , and weighed, the second filler 
being used as a countei poise. To the weight in grammes add 
000817 gramme foi each cc of filtrate and w askings The sum 

divided by 0 855 gives the corrcsponduig amount of crystallised 
sulphate, and this nuinhei multiplied by 5 gives the ciyslalhsed 
quinine sulphate obtainable from 100 grammes of dried haik 
The quinine sulphate so obtained is apt to contain cuichoiudme 
sulphate, and should be tested foi this admixture as duected on 
page 412 The lemaniing alkaloids may be lecoveied from the 
mother-liquois by concentrating the liquid somewhat, adding soda 
in excess, and figitatmg with cliloioform On evaporating the 
chloroform, the bases will be obtained m a solid state, and may be 
separated as dcsciibed on page 459 

The following scheme for the separation of the principal 
cinchona bases is founded on a method desciibed by D e V 1 i j 
(Phcu'm Jour , [3], u 642) The process requires a considerable 
weight of alkaloids, and does not yield strictly accurate results 
Traces of qumidine and cmchomdme are dissolved by the ether, and 
aie only leoovered on tieatment of the amorphous alkaloids with 
a limited quantity of etliei as directed 1 In presence of much 
quinine the solubility of cmcliomdine m otliei is notably inci eased 

1 The solubility of the cinchona bases m etliei at 15° 0 is givon by A B 
Presoott as being — fm quinine, 1 25, qiumdme, 1 80, cmchonidmo, 

1 188 , and foi cinchonine, 1 371 The amorphous emebona alkaloids are 
leadily soluble m ether. 
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The precipitation, of the quinine as horepathite is stated by 
David Howard to give accurate lesults in skilful hands , but, 
instead of throwing down the quinine fiom a sulphiuic acid solu- 
tion by tincture of iodine, De V nj recommends, m his more 
recent papers, the use as a precipitant of the lodosulphate of the 
amorphous cinchona bases commercially known as “qmnoidme” 
This forms a readily soluble lodosulphate, and by employing a 
previously piepared solution of it any eiror fiom tbe formation of 
periodised lodosulphate of quinine is avoided 1 De Ynj directs 

1 Pharm, Jmr , [3], vi 461, xu 601 One pint of eomtneieial “qiunoi- 
dme" w heated on a watei-hath with 2 paits of benzene, whoioby the 
qiunoidme is partly dissolved The cold, dear benzene solution is shaken with 
excess of dilute sulpliuno acid, an aqueous solution of the acid sulphate of 
qmnoidme being thus obtained The amount of alkaloid is then doteimmed 
m a small portion ol this solution, and the test is slowly tieated with 1 pnit 
of iodine and 2 of potassium iodide dissolved m walei for every 2 parts of 
amoiphous alkaloid known to he piesent The iodine solution must bo 
added very gradually, with vxgoious stirring, so that no part of the qmnoidme 
solution shall come m contact with excess of iodine A flocculent, orange- 
ooloured precipitate of lodosulphate of qmnoidme is fowled, Which by slight 
elevation of tempeiatme coagulates to a dark brownish-red resinoid body 
The yellowish liquid is ponied off, and the piecipitate heated to 100° with 
water, when the liquid is poured away The adlioiing moistuio is evaporated 
ofT at 100° O , wheu the lodosulphate lernams as a soft and tonaoious muss, 
which becomes buttle on coolmg One part of tins substance is dissolved by 
heating with C paits of alcohol of 92 to 96 pel cent, The solution is allowed 
to aool, filtered, evaporated to dryness, and the residue dissolved m 6 paits of 
cold alcohol 'When filtered, the solution thus obtained is ready toi use 

In using this solution foi the dctsinunation of crystalhsable qmuraa m a 
nuxtuie of cinchona bases (as free as possible from owchonidine), 1 pint 
by weight of the alkaloid is dissolved m 20 paits of alcohol of 92 to 05 
poi cent , containing 1 6 per cent of sulphunc acid (H a S0 4 ), which amount ' 
is sufficient to conveit tho bases into acid sulphates The solution is 
then diluted with 50 parts of unacidulated alcohol To this liquid, at the 
culinary tempeiatme, the lodosulphate of ' qmnoidlno is added (hop by diop 
fiom a burette, with constant Stirling, as long os a dark biowmsh-red pie- 
cipitate of lieiopathite is formed. As soon os all the quinine has been 
precipitated, and a slight excess of the leagent has been added, the liquor 
acqunes an intense yellow colour The beakei is now eoveied and heated on 
a watei bath till the liquid begins to boil, and all the piecipitate is dissolved, 
when the liquid is allowed to cool Aftei standing twelve horns, the beakei is 
weighed with its contents The liquid is next passed thiough a small filter 
leaving the crystals in the beaker, which is then ogam weighed to asceitiun 
the weight of the liquid The crystals on the filter are washed back into tho 
beaker, and ns much alcohol added as is necessary to dissolve the ciystals at 
the boiling-point When qmto cold the beaker is again weighed the leorvstal- 
hsed lieiopathite collected on a small filter, and the empty beaker again 
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the addition of the reagent to the solution of the mixed alkaloids 
of cinchona bark, hut it has been pointed out by Chnstensen, 
Slumoyama, and others ( Pharm Jow , [3], xu. 441, 1016, xvi 
205 , xvu. 654), that cnichomdme, if present m notable quantity, 
is liable to be precipitated along with the quinine, and hence this 
base should be separated as completely as possible by a previous 
ether-treatment, as directed on page 455 The use of the lodo- 
sulphate of quuioidme prevents any subsequent isolation ol the 
amorphous alkaloids of the bark under examination. 

Instead of converting the quinine in the ethereal solution B into 
herapatlnte, David Howard ( Watts’ Diet Chern , 2nd ed , 
ii 177) agitates the etlioreal liquid with excess of dilute sulphuric 
acid, and, after heating to boding, adds dilute ammonia till neutral 
to litmus, using no more water than is necessary On cooling, the 
quinine ciystallises out almost entirely as sulphate, which salt is 
almost insoluble m a cold solution containing ammonium sulphate 
The crystals are filtered off, washed with a little cold watei, pressed 
between blotting-paper, and dried at 100° C 73 4 parts of the 
anhydrous salt repiesent 100 parts of the crystallised sulphate 
The product should he tested for cmchonidine (page 412), which 
may be present m small quantity The alkaloids existing in the 
mother-liquor from the quinine sulphate are then recovered by 
concentrating the liquid somewhat, adding soda m excess, and shak- 
ing with chloroform The bases are extracted from the sepaiated 
chloroform by dilute acetic acid, and the solution treated as in A 

The mixed alkaloids of yellow cinchona bark consist chiefly 
of quinine, and hence the portion soluble in ether repiesents the 
most useful constituents of the baik Pale and red barks, on the 
other hand, contain a considerable proportion of alkaloids insoluble 

weighed The diffeience indicates the weight of the motlioi liquoi , which is 
added to that of the mam quantity 

The reorystallised heiepathite obtained as above is washed on the filter with 
a satmated solution’ of herepathite m alcohol of 92 pel cent The adhering 
liquid is removed as far as possible by pressing the folded filtoi and itB con- 
tents between blottmg-papoi, and the flltei is then an -dried Tho piceipitated 
herepathite is then detached fiom the flltei, dned at 100° till ooiistant, and 
weighed The amount found is conected by the addition of that remaining in 
solutiou, as ascertained by calculation fioni tho weight of the mother-liquor 
One bundled grammes of alcohol of 92 per cent dissolve 183 giamme of heio- 
pathito at 24 6° O , and 12b gramme at 16° O 

The weight of heiepathite found, multiplied by <56066 gives the anhydrous, 
or by 0 7409 the corresponding weight of crystallised, sulphate of quinine 
Instead of diymg the lecrystalhsod herepathite, it might pi obably bo titiated 
with standard sodium thiosulphate solution. 21 '68 paits of iodine thus found 
represent 100 parts of herepathite. 
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01 sparingly soluble m ether Hence the use of chloroform in the 
geneial process for assaying cinchona haiks (see page 461). 

In some cases, the alkaloids soluble in ether are contaminated 
to a considerable extent with colouring matter In this event, 
the following is a good method of obtaimng colouiless quinine 
sulphate — The ether-residue is dried thoroughly and weighed 
It is then dissolved in 30 c c of absolute alcohol, and decmoimal 
sulphuric acid cautiously added from a burette, till the liquid is 
neutial or veiy faintly acid to litmus-paper oi methyl-orange 
Each c c is equivalent to 0 324 giamrne of anhydrous alkaloids 
The liquid is next evaporated nearly to diyuess, and a measure of 
docmormal sulphuric acid added equal to that pievmu&ly lequired 
for neutralisation Thirty uc of hot watei are added, and the 
hquid boiled till complete solution lcsults Purified animal 
chaieoal is next added, in quantity equal to the weight of the 
etlier-rcsidue, the liquid heated on the water-bath fur twenty 
minutes, filtered, and the residue washed twice with boiling water 
acidulated with sulphuric acid The filtiate is luought to a con- 
centration of 70 cc for each 1 gramme of ether-iesidue taken, 
and then cautiously neutralised with caustic soda, and further 
treated as described on page 451 

Instead of commencing the separation of the alkaloids by ether, 
M o e n s recommends that the neutral solution of the mixed 
alkaloids should bo treated with excess of solution of potassium 
sodium taitmte (Rochelle salt), winch throws down the quinine 
and cmchonnlme as tartiates The same proceduie is adopted in the 
Bi itibh Pharmacopoeia (see page 450) The piecipitated lailratos 
aie washed with a little cold watei, decomposed by excess of alkali, 
and the quinine and cmchonichne separated by ethoi , the quinine 
dissolved being eithei duectly weighed, oi, pieferably, conveitod 
into sulphate and tested for cinchomdine (page 412) 

The estimation of the relative propoitions of quinine and cin- 
chomdine m the mixed tartrates, by observing the optical activity 
(page 416), lias been lecommended by seveial chemists, but in 
practice it is difficult to obtain the alkaloids m a sufficiently pure 
condition to render the results trustworthy. 1 
The following method foi the separation of the cinchona bases 
insoluble, or nearly insoluble, m ether may he applied to the 
residue left on tieatment of the mixed alkaloids with ether, as in. 
De Ynj’s piocess (page 464) It may also be applied directly 
to the mixed alkaloids extracted from a sample of bark, m which 
case it may be earned on simultaneously with Muter’s process for 
the production of crystallised qumine sulphate as described on 
page 464, 
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The foregoing process, with experience, gives veiy good results, 
the sum of the separated alkaloids frequently amounting to 99 per 
cent of the mixed bases operated on It is well suited for the 
assay of Indian barks The least satisfactory pait of the process 
is the separation of the cinchonine from the amorphous bases by 
dilute spmt A cautious employment of ether would perhaps be 
preferable If the process of separation be conducted simul- 
taneously with the determination of the crystallised quinine 
sulphate in another portion (page 464), the whole analysis can 
be completed m about six hours 

According to Hielbig (Pham. Zeitsch f Bussland, 1888 , 
Analyst, xui 207) the presence of much quimdine prevents the 
complete precipitation of the cmchonidme and quinine as tartrates , 
while the precipitate with potassium iodide, if tenacious or resinous 
instead of crystalline, contains cinchonine, with or without qumi- 
dme (It seems more piobable that the resinous precipitate con- 
sists of the hydnodides of amorphous alkaloids, which can he kept 
m solution by modeiate addition of alcohol ) 

The directions in the foregoing table can be modified tvith con- 
siderable saving of time by titrating the alkaloids and their salts 
instead of weighing them Thus, for the determination of tho 
cmchonidme, the washing of the precipitated tartrate with cold 
water should be omitted, and the filter containing the precipitate 
and th'e adhering Rochelle salt solution immersed in boiling watei. 
A drop of phenolphthftlein solution is then added, and tho liquid 
titrated with caustic alkali As Rochelle salt is perfectly 
neutral to phenolphthalein, and as tartrate of cinchonidino (and of 
quinine) acts just like an equivalent amount of fiee tartaric acid, 
the weight of cinchomdine can be readily calculated from the 
measure of standard alkali used Each 1 c c of ^ NalTO neu- 
tralised repiesents 0 0147 giamme of cinchonidino (or other alka- 
loid) precipitated as tartrate (A H. Allen). 

An exactly similar method is applicable to the treatmont of the 
piecipitate produced by potassium iodide This should he washed 
with a little of the precipitant instead of with water, and then 
immersed together with the filter in boiling water. On titrating 
with alkali and phenolphthalein each 1 c o of the standard 
solution required represents 0 0162 gramme of quviidme pre- 
cipitated as hydnodide 1 

The chloroiormic solution of the cinchonine may he directly 
titrated with standard acid and methyl-orange (see p 131) instead 
of being evaporated to dryness , hut, of course, the amount found will 
include any amoiphous alkaloid also extracted by the chloroform. 

1 This procedure does not dispense with the necessity of making a collection 
for the amount of qwmdino lost m the njothei -liquor and washings 
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BERBERINE AND ITS ASSOCIATES. 

Berbenne is an alkaloid occurring m a very large number 
of plants, in many cases m association with one or more of the 
alkaloids, berbamme, oxyacanthme, hydiastme, canadme, &o. It 
is the only natural basic colouring matter receiving practical 
application as a dye. 

The principal sources of berberme and the associated alkaloids 
are the loots of the following plants — 


BLA.OT 

Alkaloids, dbo 

Bei tens vulgat is (Barberry),* 

Herberts aqmjolmm, 

Coptis tn/olia, . 

Coptis teeta (India), 

Hydrastis Canadensis (Golden 

Jatemhiza Cahimba or Coceulus 
palmatus (Ualumba root), 

Mermperrmim Canadense, 

Berberine, oxyacnnthtne , berbamlue, and at 
leaBt two other nhcaloids (XL e s a e) 

Beiberlne, 2 86 per cent , oxyacanthine, 2 82 
per omit 

■ Berberine, i per cent 

Berberine, 8, per cent , coptlnlne (cryetnllis 
able, Giobb) 

Berberine, 1 8 to 1 8 per cent , hydiaetlne, 1 6 
per cent , oanadlne, xantbopucclne , <6o. 
Also incconin and phytostearin 

Berberine , colnmblo aoid , and the neutral 
principle Columbia. 

Beiborlne , oxyaoanthlne , menlspermlne , men 


Berberme has also been found m Woo dump a r, a yellow 
dye-wood fiom Uppei Assam, m St John’s wood, from Rio 
Grande, m Berbena aristata, Gaulsphyll um thahatrmdes, OoSainium 
fenestratum (Ceylon Calumba wood), Cosloclme polycaipp, Podo- 
phyllum pellatum, Xanthorhwa apufolia, and Xanthoxylum alava- 
3m aides Hydrastine occurs also in Stylophorum diphyllum 

Berberine. C 20 H 17 NO 4 , or C 18 H u (0 CH 3 ) 3 N0 2 

Berbeime is isolated from the loot of ffydiastis Canadensis by 
boiling with water, evaporating the decoction to an extiact, and 
exhausting with strong alcohol One-fourth of its volume'of water 
is added to the filtered alcoholic solution, the alcohol distilled off, 
and the lesidue tieated with dilute sulphuric acid Berberme 
sulphate crystallises out, and is decomposed by freshly-precipi- 

1 A concentrated liquid extiact of barberry root still i eooives a limited 
application for dyeing silk and leather yellow In America, the root bark is 
oommonly used, but in Europe the entue root is geneially employed 
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tatecL hydroxide of lead The alkaloid may also be converted 
into the sparingly soluble nitrate 01 kydrocbloiido instead of the 
sulphate 

L. 'Wolff leeommends a previous treatment of the lout with 
petroleum ether to remove fixed oil 

Berbenne may be isolated fiom barbeny or cnlumba loot by 
exhausting the material with alcohol, evaporating off the spirit, 
taking up the residue with watei, and heating the filleied solution 
with excess of hydrochloric acid, when berbenne hydrochloride 
crystallises out. The salt may be purified by rc-solution in alcohol 
and precipitation by ether 1 

Berbenne crystallises with difficulty m small, concentncuUy 
grouped prisms, or bright yellow, silky needles 2 When air- dried, 
the crystals ap'pear to contam aqua (W H Perkin, yun ), 
of which 3 aqua is driven off at 100° At this temperature the 
crystals lose their lustre and become yellowish-biown, at 110° the 
change is very rapid, and above 160° total decomposition occuis, 
Pleitmann gives 120° as the melting-point of berbenne, hut 
Perkin considers this figure too low 8 

"When wanned, berbenne emits a faint but peculiar odour 
resembling qiunone 

Berbenne has a persistent, very bitter taste, and is employed 
medicinally in doses of 2 to 5 giams Sixty grams have been 
taken by man without injury, but the alkaloid is poisonous to dogs 
and other of the lower animals 

Berbenne dissolves m 500 paits of cold watei, and more leadily 
on boiling The solution is noutial to litmus It is spaungly 
soluble m cold, but leadily m hot alcohol, and in amyhc alcohol 
Berbenne is slightly soluble m chloroform and benzene, and in- 
soluble in ether (separation from oxyacanthme and hydrastme) 
and peti oleum spirit It is said to be taken up with difficulty 

1 Berbenne may also be prepaied by precipitating an aqueous decoction of 
barberry root with lead acetals, and treating the concentiated filtiate with 
excess of sulphuric acid The precipitate of beibenno sulphate is washed with 
cold water, and separated ftom lead sulphate by solution m boiling water, 
which on cooling deposits the salt m yellow needles 

8 An orange colour, oi other shade darkei than buglit yellow, is indicative 
of impurity 

3 E Schmidt has obtained some evidence that berbenne piepaied from 
tho commercial sulphate is occasionally a mixtuie ot beibeune with methyl- 
berbenne. He obtained pure beibeune by conveitmg tho alkaloid into 
the acetone compound, B,C a H 0 O, fiom which the free base was liberated by 
heating in alcoholic solution Thus obtained, beibenne contained 6 aqua, 
all of which was lost at 100° O. The anhydious alkaloid scaicely began to 
daiken below 150°. b 
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from its acidulated solutions by amylic alcohol, chloroform, and 
benzene 1 

When treated with a fixed caustic alkali, berbenne is colomed 
brown, and on boiling a resinous mass separates On distilling 
berbenne with milk of lime, quinoline is formed Fusion 
with caustic potash produces borberic acid, CgHgO^ and an 
acid of the composition C 8 H 8 0 6 , 

When boiled with excess of fuming hydriodic acid, two 
methyl groups are eliminated and a salt of berberoline, 
C 18 H U (OH) 2 N0 2) formed On rendering the diluted liquid 
slightly alkaline by ammonia, an intense blackish-blue coloration 
is obtained, probably owing to oxidation Nitric acid gives, with 
Iwrberolme, a magnificent violet coloration, which on standing or 
warming changes to a deep reddish-brown 

Concentinted nitric acid dissolves berbenne to a daik, reddish- 
brown liquid, which on dilution with water gives a yellow flocculent 
precipitate partly soluble m ammonia If the daik solution of , 
beiberme m strong mtuc acid be warmed oxidation rapidly occurs, 
with formation of b e 1 b e r o n i c acid (a pyndme-tucarboxylic 
acid, page 112), oxalic acid, and other products 

Potassium peimanganate m presence of potassium carbonate 
oxidises berbenne with formation of hemipmic acid, 
CioHioOe, and oilier products (W II Perkin, jun, Join Gliem 
Soo, lv 71) 

By the action of nascent hydrogen, berbenne is reduced to 
hydroberberine, C^H^NO,, 

Berbenne dissolves in concentiatcd sulphuric acid with orange- 
yellow eoloui, changing to olive-gieen on warming On adding 
potassium bichromate, or other oxidising agent, a black colour 
changing to violet (or brown-violet changing to brownish-yellow) is 
obtained Frohde’s reagent gives a blown or green eoloui with 
beiberme , or, accoicbng to Hi rs eh hausen, an immediate 
yellow, changing through daik brown to violet-biown. Sulpho- 
vanadic acid is stated to give a fine violet coloration 

i Accoiding to Ei Schmidt ( Phmm Zeit , 1387, page 542), beibomc lias 
a icmaikable tcudeacy to combine with neutral solvents, such as alcohol, ether, 
acetone, and chloiofoim, to form eiystallme compounds “When beiberme 
and chloiofoim oie limed in molecular proportions, they unite to foim a 
beautiful ciystallino body, peinmnent at 100° This does not appeal to bo a 
mere addmon-piodnct, since it is not decomposed by acids simply mto l>ei- 
benne and chloiofoim, but yields decomposition products of the latter Bcr- 
berine can also combine with a second molecule of chloroform, but this behaves 
like water of crystallisation Schmidt bos also described a compound of 
berbenne with acetone, of the foimula C M II 17 N0 4> C JI 0 O 
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Berberine is also charactensed by the insolubility of many of its 
salts (e g , the chromate, picrato, hydriodide, chloroplatmate, amo- 
chlonde), and the spaaing solubility of otheis in. presence of excess 
of mineral acid 

On pouring chlorine-water (avoiding excess) on to a solution of 
berberine stiongly acidulated with hydrochloric or sulphunc acid, 
a zone of blight ied coloiu is formed at the junction of the liquids, 
and is still recognisable as a pink coloration in a dilution of 
250,000 1 

On cautiously adding iodised potassium iodide (avoiding excess) 
to a solution of a berberine salt, BHI g is thrown down as an ex- 
tiemely insoluble red-brown precipitate, which ciystalhses from 
strong alcohol m red neeilles, or on adding water in green iridescent 
scales which completely polarise light 

Stayer’s reagent yields with berbenno solutions a piecipitate of 
the approximate composition B a H g HgI 4 , containing, after diying at 
100°, from 50 to 52 per cent of- the alkaloid 

Salts of Bekbbrihf 

Berberine is a weak base, but forms definite and leadily erystal- 
lisable salts with acids The salts have a bitter taste, and are 
mostly very sparingly soluble, tho pyrophosphate and acetate 
being exceptions 

Berberine Nvb> ate,' B,HNO g) separates in fine yellow needles on 
acidulating a warm aqueous or alcoholic solution of berberine with 
nitric acid It is soluble m about 500 paits of cold water, more 
readily in hot, and almost insoluble m alcohol or water strongly 
acidulated With nitric acid It does not darken or undergo other 
change at 100° C 

Bei bm me Hych ochlonde, B,HCl+2 aq, is precipitated" in golden 
yellow needles on adding hydiochlonc acid to a warm aqueous 
solution of the alkaloid It requues about 500 parts of cold water 
for solution, and is almost insoluble in alcohol or dilute hydro- 
chloric acid Tho salt is with difficulty decomposed by bases, the 
libeiaLed alkaloid being apt to retain chlorine Prolonged diges- 
tion with litharge fails to decompose it completely, but silver oxide 
readily decomposes the solution Beihenne hydrochloude darkens 
to an oiange colour when heated to about 60° C., but regains its 
original colour on cooling By piolonged exposure at 100° the 
coloui changes permanently, and much of the salt becomes readily 
soluble in cold water, with red colour 

BHAuC1 4 is amorphous, blown, and quite insoluble m water 
1 Brucine gives a similar reaction with chlorine-water, but the onginal 
solution is oolourless, and tho reaction pioduced less permanent than with 
berberine 
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It crystallises from boiling dilute alcohol m chestnut brown 
needles, unchanged at 100'' B 2 H 2 PtCl e forms a yellowish pre- 
cipitate, almost msoluhle m all the ordinary solvents It may 
he crystallised from boiling amjdic alcohol, in which it is slightly 
soluble. 

Be) beriiw Hydrtodide, B,HI, obtained by precipitation, forms 
mmute yellow needles, extremely insoluble in cold water or potas- 
sium iodide solution It does not dailren or suffei other change 
at 100° BHI g is precipitated on cautiously adding iodised 
potassium iodide (carefully avoiding excess) to a solution of a 
berberme salt m hot spmt It is quite insoluble m cold water 
When reorystalhsed from hot alcohol, the smaller crystals trans- 
mit light which is completely polansod (compaie Herepathite, 
page 403) 

Bcrbm me Sulphate, B,H 2 S0 4 , is met within commerce both m the 
amorphous state and ciystallised The latter foim, which is consider- 
ably the higher puced, can be prepared by dissolving 15 grammes 
of the amorphous preparation m a boiling mixture of 250 c c of 
alcohol with 8 of acetic acid, when on cooling the crystallised salt 
separates out It has an mange coloui, and is poimanent in the 
air when free from impurity. It is soluble m about 100 parts 
of water According to J TJ Lloyd (Amm Drug , Sept 1884), 
the yellow crystalline powder obtained by heating commeicial bei- 
berme sulphate with ammonia and shaking with eihei is not the 
free alkaloid, as commonly assumed, but a neutral sulphate, B 2 H 2 S0 4 , 
which is readily soluble m water 

B,H 2 CrO t is obtained m orange-yellow needles on adding potas- 
sium bichromate to a boiling and very dilute solution of a salt of 
berberme The salt separates entirely on cooling, and is extremely 
insoluble m cold water or an excess of the piecipitant 

Berberine Pio ate requires 45,000 parts of cold water for solu- 
tion, As a consequence, on mixing aqueous solutions of berberme 
and picric acid m equivalent piopoitions and filtering, a liquid is 
obtained free fiom yellow colour oi bitter taste 

Be> bervne Acetate is prepared by adding beibeme sulphate to 
a solution of a potassium acetate m lectified spirit, and heating 
gently till the yellow salt has dissolved After cooling, the liquid 
is filtered fiom the potassium sulphate, evapoialed to ti syrup, and 
shaken with ether, when berberine acetate, B(C 2 H 4 0 2 ‘J^, is pre- 
cipitated as a crystalline orange powder It is readily soluble in 
water and alcohol, nearly insoluble m ether, and loses acid on 
exposure to an. 

Oxyacanthine, C^H^NOg This base is contained in Beibeiis 
vzdgans, and remains m the mother-liquor, from which the berberine 

VOL m FAET ii. 2 a 
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baa been separated as liydiochlonde The liquid la treated with 
caustic soda, when a dark-coloured precipitate is thrown down, from 
which ethei dissolves oxyacan.tb.me, berbamme, and an unnamed 
alkaloid, while another brown-coloured amoiplious base lemains 
undisaolved The ethereal solution is tieated with acetic acid, and 
the resultant acetate decomposed by sodium sulphate, when oxy- 
acantlnne sulphate is precipitated, beibainine remaining m solution 
On decomposing the solution of oxyacanthme sulphate with 
ammonia the free alkaloid is precipitated in flocks, winch, after 
drying at 100 u , melt at 1 38°-150° , but when crystallised from 
alcohol or ether it forms anhydrous needles which melt at 208°- 
214° Oxyacanthine is leadily soluble in chloroform and benzene, 
but only spanngly m petroleum spirit It may be sopaiatcd fioin 
beibenne by extracting the ammoniacal solution with ether or 
chloiofoim, Fiom its acidulated solutions it is not extracted by 
petroleum spirit or benzene, and only spanngly by ohloioform 
Oxyacanthine is doxtio-iotatovy m chloioformic solution (for 4 per 
cent at 15°, S B =-|-131 6°) BHC1+2H 2 0 forms small colour- 
less needles, the ( 2 per cent aqueous solution of which shows 
S D = H-1C3 6° Hot stiong solutions are coloured green by feme 
chloride Oxyacanthme closely lescmbles naicotme. Like moi- 
phme, it reduces iodic acid Conceutiatod sulphuric acid, with 
or without molybdic acid, is stated to give no colour at fiist, but 
on standing oi heating a yellow colour is developed , accoidmg to 
L v Ilir&chliausen (Zeit Anal Ghem , xxiv 163), Fiolido’s 
reagent gives an immediate violet coloiation, changmg to yellowish 
gieon at the edges 

When heated with caustic potash and a little water, oxyacan- 
thine melts to a brown mass winch floats on the fused alkali. 
This consists of the potassium derivative of /3-oxyaoauthme, 
a body probably difleimg from the paient alkaloid by the 
elements of water A similar change occurs vory leadily even 
at the oidmaiy teinperatuie, by the action of alcoholic potash 
or baryta on a-oxyacanthine Ether fails to extract the ^-modi- 
fication fiom the alkaline solution Hydiochlonc acid preci- 
pitates /3-oxyacanthme, which is soluble both m alkalies and 
excess of acid. With much acid, a-oxyacanthmo liydiochlonde is 
piecipitated 

Bebbamine, C 18 rr i0 FO 8 , the second Betrbm is alkaloid soluble 
m ether, uas obtained by Hesse ( Bei'ichte , xix 3190) by adding 
sodium mtiate to the liquid from which oxyacanthine had been 
thrown down as sulphate. The precipitated Leibanune nitrate 
when decomposed by ammonia yields a crystalline precipitate of 
the fiee base, which ciystallises from alcohol m small plates con- 
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taming 2 aq and melting at 156° The salts are ciystallisable and 
readily soluble B 2 H 2 PtCl a is yellow, crystalline, and only slightly 
soluble m water. 

Hydrastine. C 21 H 21 lS r 0 6 , or C 19 H 16 (0 CH 8 ) 2 N0 2 (see also 
page 470) 

This interesting base occurs with berbenne (and canadme) m the 
root of Hydi astis Canadensis or Golden Seal 1 Permis found 
1 \ per cent m the dried root, but the yield m manufacture is from 
f to f per cent It also occuia m Stylophorwm diphyllum Hy- 
diastme differs from berbenne m being colourless, but commercial 
medicinal preparations of beibenne from Hydrastis aie not un- 
frequently called hydrastine 2 

Hydrastine forms colourless or milk-white four-sided pusms, 
melting at 132° and decomposing at a higher temporatuic with an 
odour of phenol 

Free hydrastine is tasteless and odouiless, but the salts have an 
acrid taste Tbe alkaloid is the chief if not the only active 
pnneiple of Hydrastis Canadensis 2 It is poisonous in laigo doses, 
3 grams being fatal to a frog m foui minutes It lesembles 
strychnine m causing death hy anesting the respiratoiy move- 
ments m a tonic spasm 

Hydrastine is insoluble m water, and nearly insoluble in alkalmo 
solutions It dissolves m 120 parts of alcohol, in If paits of chloro- 

1 S' W llhelm extracts the coarsely-powdeiod root of Hyihastis Canadensis 
•with boiling watei acidulated with aoetio acid, evaporates the decoction to a 
By rap, and adds excess of dilute Bulphunc acid Attei standing, the berbenne 
sulphate which crystallises out is filtered off, and the filtiate neutralised with 
ammonia The precipitate contains much hydiastine, and on again filtenng 
and adding excess of ammonia to the filtiate a further precipitate is puiduced, 
Which is said to contain canadinc Both piecipitates when boiled with ethjl 
acetato give solutions which on cooling deposit hydrastine in huge ciystals, 
which may he pmilied hy crystallisation The cijstals fiom the second 
ammonia precipitate aie much pmoi than those fiom the fust By slow 
evapoiationof tho ethyl acetate solution tlia hydrastine is obtained in pi isms 
as large as walnuts 

Eberliardt purifies hydiastine hy dissolving the freshlj-piocipitated 
alkaloid m a minimum of boiling chloioform, filtenng thiongh glass-wool, and 
pouring tho solution luto excess of cold alcohol On shaking the liquid 
vigoiously for some minutes, the hydiastine separates as a lino crystalline 
precipitate, which is subjected to a repetition of the pioeess and recrystallised 
from boiling alcohol. 

a The loot of Golden Seal is a bittei tome analogous to calumba It is 
exhibited m the form of powdei and m doses of 8 to 24 giains The liydio- 
chlondes of the mixed alkaloids of golden seal are sometimoB sold under tho 
name of “hydiastine ” 
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form, m 1 6 of benzene, and m 83 of ether It is quite insoluble in 
petroleum spirit. The solubility of liydrastine m ethei may be 
utilised to sepaiate it from berbemie Hydrastme is leevo-rotatoiy, 
S D in chloroformic solution (1 2759 gramme in 50e c ) being— 67 8° 1 
Hydrastme is a feeble base, and is completely extracted by 
chloroform from solutions freely acidulated with hydiochloric acid 
In part, however, it is dissolved as hydiochloride, which salt is 
very soluble in chloioform 

With the exception of the picrate, the salts of hydrastme are 
generally uncrystalhsable, or are obtainable in crystals by special 
mean? only Most of them, except the tannato and piciate, are 
soluble m water, the solutions having an acid reaction 

Hydrastme hydrochloride and sulphate are used m medicine. 2 
B,HC1 is best prepaied by passing dry hydrochloric acid gas over 
the surface of a solution of liydiastme m anhydrous and alcohol- 
fiee ether After drying over sulphuric acid the piecipitate forms 
a micro-crystalline powdor easily soluble in water and chloioform. 
B,H 2 S0 4 is similarly obtained by cautiously adding a solution of 
strong sulphuric acid in ether to an ethereal solution of liydiastme. 
The salt readily tabes up water and forms a gummy mass. 

Hydrastme solutions give no colour-reaction with chlorine- water. 
With iodised potassium iodide they yield a deep brown flocculent 
precipitate 

Hydrastme may he approximately determined by titration with 
Mayer’s reagent (page 141), hut the precipitating power, of the 
solution is materially affected by the ddution of the liquid 

Picne acid forms in hydrastme solutions a yellow amorphous 
piecipitate of the piciate, BA +4 aq, which is deposited m 
splendid yellow needles fiom its solution in boding alcohol 

Solutions of hydrastme are precipitated by potassium bichromate 
On touching the separated precipitate with a diop of strong sul- 
phuric acid, it instantly becomes bright red, the colour fading in a 
few seconds This behaviour distinguishes hydrastme from stiych- 
nme and gelsemine (page 368) 

If a solution of hydrastme be acidulated with sulphuuc acid, 
and a few drops of a decmormal solution of potassium permanganate 
added, the colour of the reagent is instantly disobaigcd, and an 
intense blue fluorescence is developed. A single drop of a 1 per 

1 The figui e for specifio rotation given in tlio text is that of F l e u n d and 
Will, Iqkman practically con Aims this. F. B. Power (Pharm Jour,, [3], 
xv 298) gives the widely different figure —170° 

2 The crystallised sulphate of hydrastmB adveitised by some manufactuiera 
is simply sulphate of beibeune, to which the name hydrastme is peisistently 
misapplied, 
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cent, solution of hydrastme when treated in this way lenders a 
laige test-tube of liquid strongly fluoiescent (A B Lyons, 
Phai m. Jour , "[3], xvi. 880) Excess ' of permanganate must be 
avoided, 01 both the alkaloid and fluorescent product will be 
destroyed. The fluorescent body differs from sesculin m not being 
extracted from either acid or alkaline solutions by chloroform or 
ethei and in not having the fluorescence intensified by addition of 
alkali 1 

The colour-reactions of solid hydrastme have been re-mvestigated 
r by A B. L y o n s ( Pharrn Jow , [3], xvi. 880) with the following 
results — Concentrated sulphuric acid dissolves the pure alkaloid 
with faint yellow colour, changing to a deep blue-pui pie on 'heat- 
ing. If the reagent contains a trace of nitiic acid a yellow colour 
is pioduced, and with a largei piopoition (1 1000) the coloui is 
orange-red Pure nitiic acid produces a permanent orange solu- 
tion, which on adding water deposits an insoluble substance, and 
yields a liquid exhibiting an intense blue fluorescence (compare 
last page) 

With sulphuric acid and oxidising agents (compare page 368) 
hydrastme produces some well-defined colour-reactions With 
manganese dioxide an orange coloui is first developed, changing to 
a rich cherry-red, and passing through carmine to a yellowish shade 
of red, which after a time changes lather suddenly to a pale orange- 
yellow. This reaction distinguishes hydrastme from strychnine 
and gelsemme, while berbenne dissolves m sulphuric acid with 
yellow colour, changing on addition of the oxidising agent to violet, 
then to chocolate-brown, and finally becoming orange-red (The 
intermediate chocolate-biown stage distinguishes the berbenne 
reaction from that given by strychnine ) Potassium permanganate 
gives with hydrastme and snlphunc acid the same colorations as 
manganese dioxide, hut the changes are more rapid A violet tint 
is sometimes produced aftei the red is developed, the contraiy Older 
being characteristic of strychnine 

Prolide’s Reagent gives with hydrastme a sage-green colour, slowly 
changing to brownish, and then gradually fading. This succession 
of tints is veiy characteristic. Sulphovanadic acid gives a rose- 
red colour, which fades slowly 

On treating an acid solution of hydinstme with oxidising agents 
{eg, manganese dioxide and sulphuric acid), it splits up into 
opianic acid (page 298) and hydrastmme, a base closely 
resembling cotarmne (page 299) If the oxidation be effected in 
1 The same flnoiesoent oxidation-product is sometimea developed in solutions 
ofliydi nstme by mere exposure to air. Neither pule liydiastine nor any leady- 
fonned constituent of Hydrastis root appema to be fluorescent. 
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alkaline solution, the action, proceeds furthei, the chief products 
being heinipinic (page 299) and nicotinic acids (page 
111) This behaviour suggests a close relationship between hydras- 
tme and naicotme, but hitherto all attempts to conveit one of these 
bases into the othei have been unsuccessful 1 

Hydbasiininb, CjjHjj^hTOjj+IIgO, produced together with opianic 
acid by the action of oxidising agents on bydrastme, forms white 
crystals, melting at 116°-117° C, or at 100° aftei heating for 
some time to that tempeiature It dissolves in water to foim a 
strongly alkaline and veiy bitter solution It is also soluble m 
ether, ethyl acetate, benzene, and petroleum spmt, and ciystallisus 
fiom each of these solvents with 1 aqua, which, however, is 
eliminated m the salts, a fact probably due to the foimation 
of a closed img. C U H 11 N0 2 ,H01 crystallises in feebly colouied 
needles, soluble in water and alcohol The aqueous solution is 
optically inactive and feebly fluorescent B,H 2 S0 4 foims yellow 
ciystals showing a gieen fluoiescence, and is soluble in alcohol. 
Hydiastimne, when treated with aqueous potash, yields hydro- 
hydrastimne, C 11 H la 'tS r 0 2 , and oxyhydrastinme, 
C u H u N 0 8 . The latter is a feeble base, melting at 97°- 98° and 
distilling above 360°, and forms crystalhsablo salts The former 
base is also formed by the action of reducing agents on hydias- 
tmine It forms white crystals melting at 66°, and yields 
ciystalhsable salts 

When hydraBtinme is oxidised m dilute alkaline solution with 
a cold satuiated solution of potassium pcimanganate, it is converted 
almost quantitatively into oxy hydiastimne, C n H u ]S T 0 3 
Excess of the oxidising agent and slight heating cairies the oxida- 
tion to hydrastimc acid, Cj^NOg, a body crystallising m 
flat needles melting at 164°, soluble m alcohol and ether, and 
yielding uo precipitate with silver, bauum or lead salts 2 

Canadinb, C 2i H 2i N 0 4 , is an alkaloid accompanying beiberine 
and bydrastme in golden seal root Until recently theie was some 
doubt as to its actual existence, Lloyd having failed to detect 
it m tko extract from a veiy large quantity of the root , hut P 

1 E Sohmidt considws that naicotme contains three mothoxyl gioupsand 
bydtastine only two, then fonmilte being respectively Cj 0 fI u (OMe) li NO 4 ami 
Oj 9 H i 6 ( OMe)j As these bases both yield on oxidation opianic acid, u Inch 
contains two methoxyl groups, and ootarmne contains ono such gionp, it 
follows that bydrastme contains no methoxyl, and that cotarmne has the con- 
stitution of a mothylatsd hydiastimne 

2 The constitution of hydiastimne and hydiastme has bstn the subject of 
various investigations by Fieund, Will, Hose, Rosenberg, Laohman, Sohmidt, 
Wilhelm, Keistein, Heim, Philips, Dormeyer, and others ( Benchie , xix. 2797 , 
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"Wilhelm and E Schmidt have independently isolated the 
alkaloid, which is described as forming fine, white, shining eiystals, 
melting at 134°, and more Teadily soluble than berbenne m water 
and alkalies 

The salts, with the exception of the sulphate, are soluble with 
difficulty m water and alcohol. B,HC1 and B 2 ,II 2 S0 4 are crystalline 
By treatment with iodine in alcoholic solution, canadme is converted 
into the hydnodide of methyl-berbenne, and lienco it probably lias 
the constitution of a dihy drometh'y lene-berberme 
Xanthofuocike is the name pioposed by Lerchen (1878) 
for an alkaloid of doubtful existence occiurmg m hydiastis It is 
described as insoluble in ether and chloroform, but soluble in 
alcohol and hot water The alcoholic solution yields light brown 
spangles with iodised potassium iodide 

Indications of othei alkaloids in hydiastis have been obtained 
by A K Hale {7cm -Book PJimm, 1874, page 81) and J C 
Bur t {ibid, 1886, page 95) 

Calumba, or Columba , 1 is the loot of Jatcorhi,a Calumba 
or Gocculus joalmatu\ a herbaceous climbing plant occuriing in 
the forests of East Afuca 

Tho calumba of commeice consists of dried tiausveise slices of 
the root It possesses mild bittor tonic piopeities, and the tincture, 
extract, and infusion arc official preparations The roots of biyonia 
and Fraseia W alien have been occasionally sold as calumba 
Calumba root contains three distinct bittei principles m addition 
to starch (35 per cent), gum (4 7), pectin (17), lesin, wax, and 

xx 80, 2400, xxu 466, 1166, 2822, 2829, xxm 404, 416, 2469, 2807, 2920, 
xxiv 2730, 3104, Arch Pkarm , [3], xxvi 329, xxvm 49, 221) 

M Freund (Bn , xxn 2829) suggests the lollowmg stiuc Until foimula for 
hydiastinmo and its derivatives ! — 


Hydiohydrastimne, 

• an.{g}<w®g£} 

Etydrnstunne, 

• ch 3 {S}c^{“ Iu 

Oxybydiastimno, . 

• oh s {°}o 8 h 3 {^,} 


For hydvastme itself Ficund suggests the following toimula — 

CH a { ^ j-C 0 H s (OH a CH 3 NHMe) G O C„II a (OMe) a COOH 

On decomposition into hydiastmme and opiamc aoitl, fission would take 
place at the point of tuple linkage, both the acid, and the basic denvative 
possessing aldebydio functions 

1 Geinmn ; Kulmriba or Oolumbo wurzel Fiencb , Bacme de GolumVo. 
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mineral matter (6 pel cent.). Potassium nitrate has been found, but 
not tannin B o r b e r 1 n e, the charactenstic yellow alkaloid 
of calumba root has already been deseubed (page 462) 

Coluhbin, or Calumba Bitter, C 21 1I 22 0 7 , exists m calumba 
root to the extent of 0'34 to 0 40 pei cent To extract it, the mateiial 
la exhausted with boiling alcohol, the extract evaporated to diy- 
ness, the residue taken up with hot water, and the filteied liquid 
shaken with ether , or the tincture is evaporated to a syrup, and 
shaken with chloroform The chloroform solution is filtered, 
evaporated, and treated with 60 per cent alcohol, which dissolves 
most of the colouring xnattei The residue is dissolved m strong 
alcohol, the solution decolorised with animal charcoal, and the 
Columbia crystallised Columbin is an intensely bitter, inodorous, 
neutral body It melts at 182°, and crystallises from acetic acid 
solution m colourless trunetric prisms, very slightly soluble m cold 
watei, more freely m hot 

Columbm is sparingly soluble in cold alcohol, and m 40 parts 
of the boiling solvent It dissolves with difficulty m cold ether, 
more readily m hot, and may be separated from beiberme by 
agitating the acidulated liquid with this solvent. 

The solution of columbin is intensely bitter , it is not precipitated 
by tannin or any metallic salts 

Columbin dissolves m strong sulphuric acid with orange colour, 
changing to deep red 5 on adding water brown flakes are deposited 
Columbin dissolves in aqueous alkalies, and is repiecipit.ited by 
acids On heating with caustic alkali an acid body is foimed 
According to H 0 11 d e, columbm produces vomiting and diarrhoea 
010 gramme was fatal to a fowl, death being piecoded by diges- 
tive disturbance and frequent evacuations (Phairn Jour , [3], xvi. 
838) 

Columbio Acid, C^H^Og-f H 2 0, is prepared by treating the 
dried alcoholic extiact of calumba root with lime-watei, ancl pre- 
cipitating the solution with hydiochlonc acid It is a yellow 
amorphous body, somewhat less hitter than columbm , nearly 
insoluble m water, but little soluble m ether, more readily in 
acetic acid, and easily m alcohol The alcoholic solution precipi- 
tates lead acetate yellow. 


CAFFEINE AND ITS ALLIES, 

Caffeine, the characteristic alkaloid of coffee , was obtained 
pure 111 1821, when it was prepared almost Simultaneously by 
Runge, Pelletier and Caventon, and Robiquet. • In 1827, O'udry 
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discovered a similar principle m tea, and named it theme, 
Berzelius suggested the identity of this with caffeine, and this 
was afterwards established, as also was that of the alkaloid of 
guarana, called by Martins gnaranine Mate, or Paraguay 
tea, and Kola nuts contain the same alkaloid, while cocoa contains 
the alkaloid theobromine (which may be regarded as a lower 
homologue of caffeine) m addition to small quantities of caffeine 

Unlike the majority of the alkaloids hitherto described, theo- 
bromine and caffeine are not related to pyiidme or quinoline 
They are lespeotively the di- and tri-methyl-denvatives of xan- 
thine, C 6 H 4 N 4 0 2 , a weak base forming the chief constituent of cer-, 
tain rarely-found urmaiy calculi, and existing constantly to a minute 
extent m normal urine and m most of the oigans of the human 
body Xanthine itself is closely allied to u r 1 c acid, CgH^Og, 
from which it differs by a single atom of oxygen, and fiom which 
it can be produced by treatment with sodium amalgam and water 
On adding silver nitrate to an ammomacal solution of xanthine, an 
amorphous precipitate of the silver-derivative, C 6 H 3 Ag 2 bT 4 0 2l 
is formed, .and this when heated with methyl iodide is converted 
into dimethyl-xantlnne or theobromine, G 6 H 2 (CH 3 ) 2 N 4 0 2 . 
When the silver-derivative of theohiomme, C B II A g( CH g ) 2 N 4 0 2 , 
is heated with methyl iodide to 160° C. for twenty hours, tnmethyi- 
xanthme or caffeine, C 5 H(CH 3 ) 8 N 4 0 2 , is produced. 

The following formulte show the constitution of caffeine and 
theobromine, and their relation to xanthine 1 — 


Theobromine, . 


CO 

I 

HN— 
. CHoN — 


C-NH 

-<U> C0 * 

-CH* 

II 


CO C— N CH a 

I I \co* 

HN C n/ 

. CH„ U CH* 

I II 

co c— hr ch 8 

I 

CH„N C=H- 


r ^>co* 


1 The fomiulffi given in the text aie those proposed by Emil Fisolier 
{Annalm, eexv 314) In the formulte of Me di on s (Annalen, olxxv, 260), 
the OH and CO gionps maiked with an asterisk are transposed. 
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Theophylline (see page 49 8), a base isomeric with theobromine, has 
been found m minute quantity m tea, as also has xanthine itself. 1 

Caffeine . 2 Theme 2 Ti'imethyl-xanthine Methyl-theobromina 
C 8 H 10 N 4 O 2 , or C 6 H(CH 3 ) 3 lSr 4 0 2 . 

The constitution and synthesis of caffeine have alieady been described 
(see page 473) 

Caffeine exists naturally m the following sources, all of which 
are employed for food or preparing beverages — 
a Coffee, 2 * * the dried seed of Cofea At abica 
l T e a , 2 * the prepared and dned leaves of Camellia Tim, 
e M a 1 6 or P a r a g u a y t e a , tho dried leaves and twigs of 
Hex Paraguayensis. 

d. Cuarana or Brazilian chooolate, the dried pulp 
of the seed of Paullima sor bills. 

e Cola, the seeds or nuts of the Kola tree (Cola or Steieulia 
aeummata) of West Central Africa 

Caffeine is found m other parts of these plants besides those 
commonly used for food, aud also occurs m small quantity, together 
with theobromine, m cocoa 

Caffeine can be isolated with facility in a state of considerable 
purity, hut its quantitative determination is attended with con- 
siderable uncertainty, chiefly owing to the difficulty of completely 
extracting it from its natural sources (see page 488) 

Caffeine is now prepared on a considerable scale from damaged 
tea 8 Several methods have been employed for the purpose, one 
of the simplest being to exhaust the tea with boiling watei, boil 

1 Foi the isolation of xanthine from ton, A Bagmsky e-> ti acted the 
material with dilute Bolpluuic acid, ti sated the clem liquid with bai^ta-watei 
in excess, and then passed cnibon dioxide to piocipitate llio excess of baryta 
Aftei fUteimg and evaporating, ammonia and silvei nitiatoweio added, and 
the lesultant pieeipitato of xanthine silver eiystallnccl fionuts solution 
m dilnto nitue acid to which some uiea had been added Tho xanthine silvei 
nitrate obtained contained 33 8 pel cent of Ag, or very needy tho amount 
lequned by the foiumla C 5 H 4 N 4 0 2 ,AgN0 3 The ivoiglit obtained f.om 1 lb. 
of tea was only 0 1667 ginmme ( Fharm Jam , [8], xix 41) 

2 Tho absolnto identity of the alkaloids of tea and coffee is gcnoially 

aeoopted, but cannot bo said to have been established absolutely beyond doubt 

Accounting to Lauder Binnton and Cash (Pm/, Royal Society, 1887), 

tho physiological effects of the alkaloids extraoted fiom tea and coffee exhibited 

maiked difleieiices Tbeino(fiomtoa) appeared to bernoie puwoiful m its action 

than caffeine (fiom coffee), and tended to pioduee ibytbnneal contractions of 
the voluntary muscles These observations have not been continued 

8 A few yews since the manufacture of caffeine was almost monopolised by 
Gei many In consequence of a levised legnlation of the English oustoms, 
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the decoction with, litharge or acetate of lead, and concentrate the 
filtered solution till the alkaloid oiystallises out on cooling The 
product can be pnufied by lesublimation, 01 by crystallisation 
from hot water 

Caffeine forms long, white, silky, flexible needles, which leadily 
felt, together to form light fleecy masses When deposited slowly 
from an aqueous or chloioformic solution, the crystals of caffeine 
present a chaiactenstic appearance under a magnifying power of 
100 to 300 diameteis 

It is generally stated that caffeine crystallises fiom water with 1 
aqua (8‘49 pei cent), but the proportion oidmarily piesent m 
crystallised CRffeme is Beiibibly less than coi responds to this formula 
Thus Pfaff and Liohig found 7 85 and Marti us 8 14 per 
cent , and the author in two commercial specimens obtained 7 05 
and 7 10 per cent 1 It is probable that the deficiency is due to 
efflorescence, foi the water of ciystallisatiou is lost by piolongod 
exposure over concentrated sulphuric acid at the ordinary tein- 
peratuie and pressure, so that the caffeine so treated suffers no 
furthei loss of weight at 100° 

On heating uystalhsed caffeine to 100° C the crystals become 
opaque and friable, consequent on the loss of water, the leaidue 
consisting of anhydrous caffeine and dissolving without turbidity 
m chloroform * According to Mulder, caffeine is deposited m 
anhydrous crystals from alcohol or ether, and undoi certain con- 
ditions from water also It is possible that liydi.rtion may depend 
on unrecognised conditions, such as those of ternperatuie and con- 
centration of the solution at tho timo of separation, and that com- 
mercial caffeine is a variable mixture of anhydrous and hydrated 
crystals 

Caffeine does not evaporate with vapour ot water, and undergoes 
no appreciable change of weight at 100° (A, H Allen). 2 At 
120° it volatilises very gradually, and at a higher tempeiatuio 
sublimes unchanged m long, silky heedles. 

aci oi ding to which damaged tea is admitted duty-free, provided that it be 
" deimtuicd” and lendeied wholly unfit for hum in consumption by tieatinenl 
with lime and assnfeetida, it has become possible to use such tea jnofltahly for 
the manufacture of oaffeme As a lesult, England has become the chief seat 
of tho manufacture, and now exports the alkaloid to Geimany and Amcnoa 
At piesent (August, 1892) the letail puce of cafleino fiom tea is Oil pei ounce. 

1 Muldor found 8 49 pei oent of water, but that was by exposing the 
substance to a ternperatuie above 120°, when more or less volatilisation must 
have taken plaoe 

2 The statements lespeotmg the effect of heat on caffeine are very discoidant. 
Accoidmg to A "Wyntei Blyth, caffeine sublimes m minute needles at 
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At 231°-233° G caffeine melts to a clear liquid, and at 384° 
(Strecker) boils and distils with partial decomposition, leaving 
no residuum 

79° 0 , and volatilises completely at 120° Otliei obseiveis give much higher 
toinpeiatmea for its subliming point 

The behaviour of caffeine when heated has an important boating on the 
methods of deteimming the alkaloid, and hence has recently been eaietnlly 
tc investigated m the author’s laboiatoiy by G E Scott Smith, C M Cames, 
and G S A Cames The following facts have boon fully established — 

1 Commeicial caffeine (crystallised) lost 6 9 per cent of its weight by 
prolonged drying ovei concentrated sulphunc acid at the oidmaiy temperature 
and pressure. 

2 Caffeine which, has been dned at the oidinary temperatme over sulphunc 
acid till constant in weight undeigoes no further material loss on piolonged 
exposuie m an open dish in the watei-oven at 100° The following results 
were obtained — 



3. Notwithstanding the foiogomg results, on hoatmg caffeine contamod in a 
watoh-glass, coveied with another watch-glass, ovei boiling water or on the top 
of the watei-oven foi fifteen mmntes, a distinct film appealed on tho coveiiug 
glass, and ciystals of oaffeme were obseivablo undet tlio mioiosoope The 
slight loss of weight observed when caffeine was eaposed for many houis at 
100° is doubtless due to volatilisation 


4 On exposing dry oaffeme to a temperatuio of 120° m an air-bath, a vory 
giadual bnt continual deciense of weight was observed, indicating sensible 
volatilisation of the alkaloid at the temperature employed Thus — 
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Caffeine is odourless, but has a bitter taste It has a marked phy- 
siological action, and in excessive doses possesses decided poisonous 
properties. Administered to frogs, it produces tetanus and rigor 
of the voluntary muscles A cat was killed m thnty-hve minutes 
by administering ^ gramme of alkaloid In all experiments with 
caffeine on tbe lower animals theie has been increased frequency 
of the heart’s action, and repeated emptying of the bladder and 
intestines After death, the alkaloid has been detected m the 
blood, the bile, and tbe urine In man, caffeine increases the 
heart’s action, by stimulating the cardiac muscles, and excites tbe 
nervous system 

The British Pharmacopeia gives fiom 1 to 5 grains as the 
medicinal dose of caffeine ; the Get man Pharmacopeia states the 
maximum single dose at 0 2 giamrne, and the daily maximum dose 
at 0 6 gramme 

The physiological action of infusions of tea and coffee is m 
part due to the caffeine, but is largely modified by the other 
constituents , notably the tannin, extractive mattei, and pos- 
sibly the essential oil of tea, and the caffeol or essential oil of 

Caffeine is only sparingly soluble m cold water (76 to 80 parts), 
but tolerably readily in hot (10 paits) It dissolves m about 35 
parts of oold rectified spirit, but it is much less soluble (1 156) 
jn absolute alcohol In oold ether it is very spaungly soluble, 
more leadily m amylic alcohol, chloroform and bonzene, but nearly 

5. Oaffemo which had been recently sublimed and was consequently 
anhydrous, malted at 2S1'B‘ > C , and resolidified at 223° 0 Streckor gives 
the melting-point of anhydrous caffeine as 234°, and Biedoimann at 
280 5°, Mulder gives the meltmg-point at 177 ‘8°, which is oeitamly too 
low 

6 Caffeine which had been leoontly sublimed and then dissolved m watoi, 
alcohol, ethei oi chloroform, m each case left the original weight of alkaloid 
on evaporating the solution and exposing the lesidne at 100° The same 
result was obtained with recently-fused caffeine. As sublimed and fused 
caffeine are cei tainly anhydrous, it follows that the alkaloid left on evapoiat- 
mg its solutions in the above solvents is also anliydious 

7. When a known weight of caffeine was lepoatedly tieated with a small 
quantity of watei, and tho liquid evaporated to diyness at 100°, the original 
weight was always rocoveied When caffeine, pieviously dned at 100° or 
120°, or recently sublimed oi fused, was dissolved m 1000 paits of distilled 
watei, the solution concentrated by boiling ovei a naked flame, and the 
evaporation completed m a platinum dish at 100°, the lesidue being finally 
dried lu tbe watei-oven, the weight of alkaloid originally taken was strictly 
recoveied. This pioves that caffeine does not volatilise with steam dining tlic 
evaporation of its solutions (A. H. Allen, Phatm Jour , [3], im 213). 
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insoluble m carbon disulphide and petioleum spmL 1 Cliloioform 
and benzene dissolve out the alkaloid even fioin its acidulated 
aqueous solutions, but the agitations must be several times repeated 
to effect complete extraction 

Concentrated sulphuric acid conveits caffeine mto the sulphate, 
but does not colour or otherwise change it even at 100° 0 2 

Hydrochlouc acid has no action on caffeine below 200°, but 
when heated undei pleasure with concentrated hydrochloric acid to 
250° for six to twelve hours caffeine yields ammonia, niethylanune, 
sarcosme, carbon dioxide, and traces of formic acid The volume 
of methylammc produced is double that of the ammonia, winch 
proves the piesence of tlnee NMe groups in caffeine, anil estab- 
lishes the following formula for the leaction — C 3 TI 1Q X,0„-f 
6H 2 0 = NH 8 + 2 N(CII s )H 2 + C 3 H ? N0 2 + CH 2 0 2 + C0 2 (E 
Schmidt, Amalon, ccxvn. 270) 8 

"When caffeine is warmed with dilute caustic alkali or boiled with 
concentiated baiyta-water, it at first assimilates the dements of 


1 A Oommaille (Oompt Bend, emi 817, Juui Chem Soe.x jtix 779) 
gives tbs following figures foi the solubility of liydiated and auliydious caffeine 
in different menstrua — 


Solvent 

Parts of Solvent inquired to 

At IB* to 17" C 

1 of Cilfeino 

At Boiling 
point of 
Solvent * 


Hj dieted 

Anhydious 

Auliydious | 

Watei, 



22 

Boottfled spirit, 

Absolute alcohol. 

40 

mi 


Commercial ether, 

Purs anhydious other, , 

Chloroform, , 

Carbon disulphide, 

Petroleum ether, 

470 

22S<1 

4000 

% 

220 


* Ihe hot witter ■was at 65° only, not at the It oiling point 


a Evpoi imonta by the authoi showed that pure caffeine was wholly unchanged 
when heated m the watei oven foi several houis with conceuti atul sulplnino 
acid On dissolving the pioduct m watei, hoilmgiviLh oxide of load, filtoung, 
concentiatmg, and exti acting with ohloiofmm, the ongmnl weight ol caffeine 
was lccoveied Somo samples of commeioial caffeine darken slightly when 
heated with sulpliuuc acid 

8 Schmidt thought it possible that theohiomma might he foimed m this 
reaction hy the elimination of a methyl-group, hut was not able to detect it 
The mcthylamino was sopainted and piuified by convoision into the chloro- 
platmate. The Saicosmo was identified hy means of its coppei salt 
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water and is conveited into an acid containing C s H 12 N 4 O g 1 On 
furthei treatment, this body splits up with gieat facility into 
carbon dioxide and the base caffeidme, G 7 Hj 2 N 4 0 2 On still 
further boiling with the alkali this is again decomposed with foima- 
tion of carbon dioxide, formic acid, ammonia, methylamme, and 
sarcosme (methyl-amidoacetic acid) 

The author has proved that caffeine readily undeigoes decom- 
position when boiled with lime-water, a fact which has a practical 
hearing on several of the published processes for its determination. 
"When caffeine is boiled with magnesia and water, the decomposi- 
tion is insignificant, and with litharge there is no change 

1 Caffkidise oaeboxtlio Acid, C a H 12 N 4 0 3 , or 0 7 H u IT 4 0 COOH, is best 
prepaied by digesting finely-divided caffeine foi some lioms at 30° C in a dilute 
solution of caustic potash oi soda, noutiahsing with acetic acid, adding cupric 
acetate (avoiding oxoeas), and decomposing tbe lesultant piecipitate by sul- 
phuretted hydrogen The liberated acid obtained on evapoiation of the 
hit late m vacuo at the oidmary temperatuio, may be puuficd by solution in 
cliloiofoim and jo capitation with benzeno, and is thus obtained m tlie foim 
of a thick oil, \ih lob on exposme to the an solidifies to a ycliowi&li-wlute, 
slightly ciystalhm* mass, vei y soluble m watei to n stiongly soul liquid It 
is soluble in. alcohol and cliloiofoim, but insoluble m benzene On boiling 
tho aqueous solution of oaffeidme-caibovylic acid, caibon dioxide is evolved and 
a i oddish oil i aniams, which when stn i ed up with a small quantity of sul phui io 
acid and treated with ah oliol solidifies to a white ci vstalliue mass of caffeidme 
sulphate The reaotion aifoids a ready method of preparing eafleidiuo It 
is meiely necessary to decompose the coppei 'salt with sulplnuotted hydrogen, 
evaporate the filtiate lapidly, and tieat it with strong sulphuiic acid The 
copper salt of oaffeidmo-caiboxyho acid, Cu(C 10 H 11 N, 1 O ;j ) S! , is a pale blue 
eiystallme powdei, neaily insoluble m water and wholly so in alcohol The 
barium, calcium, zino, Cadmium, and magnesium salts aie neaily insoluble 
in water, but tbe lend salt is soluble KA is a yellow oil On adding 
mcrciuic oblomle to tbe solution of a soluble cnffaidme-carbovylate, a copious 
white precipitate is obtained uhiob appeaisto contain (0 B H] 1 N 4 0 3 ) L JIg ) 2UgGl 1! 
It this be suspended m walei and decomposed with snlphuietted hydiogen, 
the filtered liquid leaves i afleidine liydiochlonrle on cvupoiation 

2 Oaffetdixe, CjIIioNiO, may he obtained as above desonbed, or may bo 
prepared by boiling caffemo with a solution of 10 polls of eiystallised haiyta 
for half an hour, oi until ammonia and mctbylmune begin to be evolved 
Fiom the piodnct of tho lesction, caffndme sulphate, BII 2 SO„ is obtained by 
acidulating the filteied liquid with dilute sulphuiic acid, and evapmuting the 
filtiate to a thin syrup, when tho salt is deposited in learhly soluble needles 
The free base is an oily, strongly nlkahno liquid, leadily soluble m water, 
alcohol and ehloiofonn, but with difficulty m etliei It reduces silver oxide, 
even in the cold, and decomposes very leadily into ammonia, methylamme, 
andehole strop bane (dimethylpaiabamo acid), CjH a Me 2 N a 0 3 Caffenlme 
nitrate, hydiohiomido, and hydiochlonde ciystallise well BJI 2 PtCl 0 crystal- 
lises from water in large oiange yellow needles, containing eitliei 2 or 4 aqua 
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When caffeine is heated with soda-lime to 180°, ammonia is 
evolved, and caibonate and a large quantity of cyanide formed 
According toRochleder this last product distinguishes caffeine 
from piperme, morphine, quinine, and cinchonine When caffeine is 
ignited with excess of soda-lime, the nitrogen is evolved as ammonia, 
any cyanide formed as an intermediate product at a lower temperature 
being decomposed m the usual manner, but m order to ensuie com- 
plete conveision of the nitrogen into ammonia, it is better to mix the 
caffeine with about twice its weight of cane-sugar (A H Allen) 
When caffeine is treated with bromine-water, avoiding excess, 
and the liquid evaporated to dryness at 100°, a yellowish residue is 
left, which becomes cnmson-ied on fuither heating, and is turned 
a magnificent purple by ammonia. The reaction is very delicate, 
and is not affected by a considerable excess of ammonia On 
adding caustic soda complete and instant decolonsataon occurs. 

Another modification of the test consists in treating a minute 
quantity of the solid substance (such as a residue of caffeine left on 
evapoiation) in a porcelain dish with a few drops of strong hydro- 
chloric acid and a minute crystal of potassium chlorate, and evapo- 
rating the liquid to dryness at 100° When cold, the reddish-yellow 
or pinkish residue is cautiously moistened with ammonia, avoiding 
an excess, when the characteristic puiple coloration is produced , or, 
preferably, it is exposed to ammoniacal vapours by inverting the 
dish bearing the residue over another containing skong ammonia 
The products of the oxidation of caffeine include amalic 
acid, 1 which by 1 subsequent treatment with ammonia is converted 
into murexoin, the reactions being identical to the eye and 
parallel m chemical change to those yielded by uric acid under like 
conditions. Thus — 


Duo acid yields 
With the oxidising agent, . Alloxantin 
C a H„N 4 Oj 

On adding ammonia, . . . Mm oxide 

NH 4 C 8 H 4 N c O 0 


Ids 


Caffeine yi 
Amalio acid 
C s H,(C!H s ) 4 N 4 O a 
Miuevom 

nh 4 c e (cn 3 ) 4 w B o a 


Strong nitric acid may he substituted for the bromine-water or 
hydrochloric aenl and potassium chlorate , but the reaction is in 
that case far less distinct and easy to regulate, and excess of am- 
monia must he carefully avoided 2 
1 Amalio Acid forms colourless crystals winch stam the skin rod, and are 
very sparingly soluble ill water or alcohol. It reduces silver salts, and foima 
deep violet compounds with potash, soda, and haiyta 
3 O. Hehnoi, m a private communication to the authoi, points out that, 
if the nitric aoid used be peifectly puie, caffeine fails to give the inuraxom 
reaction, hut that in presence of a minute trace of hydiochlono acid the colom 
is readily developed 
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Theobromine and xanthine give similar reactions to caffeine with 
an oxidising agent and ammonia. The purple colorations due to 
caffeine and theobromine are decolorised hy adding caustic alkali 
solution, but that due to uric acid is changed to blue. 

"When caffeine is heated with a large excess of nitric acid, it is 
converted into cholestropliane 1 or dimethylparabamc 
acid, C^OH^O, a body which crystallises m pearly lammae, 
melting at 145 5“, boiling at 275°~277 0 , and difficultly soluble 
m cold water and alcohol It is decomposed with great facility 
by alkalies into symmetrical dimethylurea (melting at 
97°-100°) and oxalic acid Hence on adding ammonia and 
calcium chloride to its aqueous solution, and warming the liquid, 
calcium oxalate is precipitated. 

Cholestrophane is also produced (35 4 to 418 per cent) by 
oxidising caffeine with chromic acid mixture, the mam reaction 
bemg — 

O 0 H(OH B ) 3 N 4 O a +0 3 + 2H s O - O a (OHj) a N a O,+ NH s (CH a ) + NH 3 + 2CO s . 

Caffeine is very imperfectly precipitated by the usual allcaloidal 
reagents No reactions result with iodised potassium iodide and 
Mayer’s solution, which behaviour distinguishes caffeine from nearly 
all othci alkaloids except theobromine and colchicine Potassio- 
bismuth iodide precipitates caffeine after a time from moderately 
dilute solutions (1 3000) Phosphomolyhdic acid produces a 
yellowish precipitate, soluble m warm sodium acetate solution, the 
liquid depositing free caffeine on cooling (C a H 10 N 4 O 2 HCl) 2 PtCl 4 
is obtained on adding hydrochloric acid and platmic chloride to a 
highly concentrated solution of caffeine, as an orange precipitate 
soluble m 20 parts of cold and an even smaller quantity of waim. 
water, crystallising again oh cooling 

A solution of caffeine in 200 parts of water gives an immediate 
and abundant precipitate on adding a saturated solution of mercuric 
ohlonde With a more dilute solution (1 1000) crystals appear 
in a few minutes, and in an hour or two an abundant ciop of laige 
acicular crystals is obtamed With a solution of caffeme m 4000 
of water crystals appear after a few days The precipitate con- 
tains C s H 10 iS T _ 1 O 2 ,HgClj, and is much less soluble in excess of the 
reagent than m pure water Hence the best results aie obtamed 
by adding an equal measure of a concentrated solution of mercuric 
chloride to the liquid to be tested The compound is soluble in 
about 260 parts of cold water, and more readily in hot, crystallising 
out again on cooling. It also ciystallises from hot alcohol The 

1 The name aholestiophana is due to Stenhouso. and has xefeience to 
■the resemblance the crystals have tocholesterin (Vol II page 312). 

VOL III PAST II 2 n 



482 


SALTS OF CAFFEINE 


compound la not sufficiently insoluble to be applicable to tbe 
quantitative precipitation of caffeine (EH Davies, Pharm Join , 
[3], xxi 253) 

Gallotannie acid precipitates moderately dilute solutions of 
caffeine, the precipitate being somewhat soluble m excess of the 
reagent A difference of a few degrees in tempeiature gieatly 
alteis the solubility, and hence a solution of properly adjusted 
strength may be perfectly limpid at one temperatiue, and bocome 
completely opaque from separation of uinoiphous caffeine gullo- 
tannnte on cooling a few degrees A similar separation of caffeine 
tannate is the cause of an infusion of tea becoming tuibid on 
cooling 

Salts of Caffeine 

Caffeine is a very feeble base Its aqueous and alcoholic solu- 
tions have no action on litmus, and it is extracted fiom aqueous 
liquids by benzene and chloroform, even m presence of a fieo 
mineral acid This behaviour is doubtless due to the facility with 
which the majonty of caffeine salts aro decomposed on dilution 
They are decomposed by alcohol and ether as by vvatci, and the 
salts with volatile acids (e g , acetic) are decomposed on exposuio 
to air The hydrochloride leaves meiely free caffeine on exposuio 
to 100° C The author found that on adding free caffeine to hot 
watei containing a trace of sulphuric acid and coloured with methyl 
oiange, the red coloui of the liquid was immediately destroyed, 
proving neutralisation of the acid, but an acid leaction was in- 
established when standard acid had been added equivalent to only 
about ^ of the caffeine present Owing to these facts, ceitum 
devises have to ho employed foi the pieparation of the majority 
of the salts of caffeine The oxalate 1 and sdlicylato are sparingly 
soluble, and can be leadily prepared by mixing equivalent quantities 
of the acid and alkaloid m aqueous solution The citrate is best 
obtained by mixing a chloroformic solution of caffeine with an 
alcoholic solution of citric acid, and evaporating the niixtiue to a 
syrup When molecular proportions of caffomo and a mineral acid 
are mixed together in presence of excess of water, no combination 
ensues. If the quantity of water is insufficient to dissolve the 
alkaloid, the latter remains suspended in the liquid in an unchanged 
condition If the liquid is allowed to evaporate spontaneously, 
the acid ultimately becomes sufficiently concentrated to act on a 
portion of the caffeine, and a true salt ciystallises out, intermingled 

1 Caffeine oxalatB is said by Leipen to bo an exceptionally stablo salt It 
can be locrystallised fiom watei , but tbe author found that the whole of the 
caffeine could bo removed by chloroform fiom an aqueous solution containing a 
considerable oxcess of oxalic acid. 
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with crystals of the unalteied alkaloid But as the acid is weakened 
by its combination, the formation of the salt is letaided till fiuthei 
concentration has taken place Hence the change is progiessive 
and continuous, the caffeine giadually dissolving and again ciystal- 
lises out as a salt, though at the very last crystals of the uneombmed 
base can be observed m admixture with the mcieasing crop of the 
true salt Ey employing a considerable excess of acid the piocess 
is greatly hastened, and a pioduct fiee from uncombined alkaloid 
is obtainable With an excess of acid, and at a sulhcient degree 
of concentration, the alkaloid will momentaiily dissolve to a clear 
solution, and then almost immediately crystallise out as salt. 

The foregoing obseivations are due to H W Snow (Phai m. 
Jour , [3], xxi. 11S5), who gives the following as the composition 
of the principal salts of caffeine — 


Caffeine hydiochlnride, 
Caffeine hydrobiomide, 
Caffeine mtiate, 

Caffeine sulphate (normal), . 
Caffeine oxnlate, 

Caffeine salicylate, 


B,HC1 + 2H„0 
B,HBr+2H a O 
5(B,HN0 3 ) + Ii 2 0 

b,h 2 so 4 

'Ba.HjjCjOj 

B,HC 7 H 5 O s 


Caffeine lujdi ochlu > ide crystallises m colouiless prismatic needles 
It loses the whole of its acid at 75° C The sulphate is deposited 
from a hot alcoholic solution m shining needles unchanged at 100° 
Caffeine mii ate forma fine transparent ciystals, which when dropped 
into water become opaque, and are converted into pseudomoiphs 
consisting of micioscopio needles of free caffeine. 

Caffeine citiate is official m the BntUh Phannaeopocia of 1885, 
where the formula C 8 H 10 N 4 O 2 ,H 8 C 6 H 5 O 7 is ascubed to it The 
B P. article is generally regaided as an indefinite, unstable, in- 
accurately described, and superfluous preparation ( Phaim Jour, 
[3], xix 252) Fiee caffeine has not unfrequently been sold as the 
citrate. The piopoition of acid can be directly ascertained in 
the citrate and other caffeine salts by titiatmg the solution with a 
standard caustic alkali (or prefenibly baryta) and phenolphtbalem, 
and the total caffeine can be isolated by agitating the neutralised 
or original aqueous solution with clilorofoim On tieating the dry 
substance with cold chloroform, only the uneombmed caffeine, if 
any, will be dissolved out ( J U Lloyd) 

A strong and stable solution of caffeine can be readily prepared 
by dissolving it m benzoate, cmnamate, or salicylate of sodium or 
ammonium Such solutions are employed for hypodermic injec- 
tions, and caffeine phenate and phthalate have been applied to the 
same purpose 
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Isolation and Determination of Caffeine 
None of th.6 compounds of caffeine aie sufficiently stable oi 
insoluble to be of service for the separation or precipitation of the 
alkaloid, which is always determined by weighing it in the free 
state The isolation of caffeine presents no difficulty, and may be 
effected by a variety of methods The majority of these depend 
on the treatment of the substance or its aqueous infusion with 
lime, magnesia, litharge, or basic lead acetate, to render the tannin, 
&c , insoluble , and crystallisation of the caffeine from the concen- 
trated filtiate, or extraction of it by benzene, ether, or chloioform 
To ensure the absence of inorganic salts, the alkaloid should be 
sublimed or shaken out from its aqueous solution by chloroform 
Provided that the caffeine isolated he well crystallised, colourless, 
free from acid or alkaline reaction to litmus, completely soluble m 
chloroform, exeits no reducing action on Fehling’s solution, and 
leaves no ash on ignition, it may he regarded as pure 

Although the isolation of caffeine m a state of absolute purity 
may be easily effected, the accurate determination of the propor- 
tion of alkaloid present, especially in tea, is attended with great 
difficulty, and hence most of the published results represent the 
proportion of caffeine isolated, rather than the amount existing m 
the substance examined When once in solution, several methods 
may he used, though even m this case some of the published pio- 
cesses give results which aic very gravely wide of the truth, As a 
consequence, the gieat majority of the published determinations of 
caffeine are completely woithless, and even where a number of 
figuies have been obtained by the same piocess they do not 
necessarily bear any definite relation to each other 

The determination of the alkaloid in tea has lecently been tho 
subject of a very large number of experiments m the author’s 
laboratoiy by G M Caipes, G S A Caines, and G E Scott Smith 
( Pimm Jour , [3], xxm 215). The following facts have been 
fully established — 

1 Aqueous solutions of caffeine, even when very dilute, may 
he concentrated by boiling, and subsequently evaporated to dry- 
ness at 100° without the least loss of alkaloid (see page 477) 

2 Caffeine may be completely dehydrated at 1 00° m the water- 
oven It undergoes no appreciable loss by volatilisation when 
exposed to 100° for many hours, but sublimation to a minute 
extent can be pioved by the aid of the micioscope (see page 476) 

3, Caffeine cannot he estimated, even approximately, by crystal- 
lisation from water, the amount which remains obstinately m solu- 
tion, m the presence of salmo matteis, often exceeding that winch 
can he separated as crystals 
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4 Caffeine can be completely extracted from its acidulated or 
slightly ammoniacal aqueous solutions by repeated agitation with 
chloroform In the author’s experiments, from a solution slightly 
acidulated with sulphuric acid, the first treatment with chloroform 
extracts from 70 to 85 per cent of the total alkaloid Four 
treatments with chloroform usually effect the complete extraction 
of the alkaloid, but it is desirable to agitate a fifth time and 
evaporate the separated solvent apart, to prove that no more 
caffeine is being dissolved In this last case, the solution may be 
advantageously rendered ammoniacal, or a loss of 0 001 to 0 002 
gramme of eaffeuie may occur, piobably owing to the existence of 
traces of caffeine sulphate, especially where the solution is strongly 
acidulated with sulphuric acid. On distilling the chloiofonnio 
solution of caffeine, and drying the residue at 100° C , the alkaloid 
is obtained m a perfectly anhydrous condition 

5 Chaicoal cannot be employed for decolonsmg caffeine solu- 
tions, without a considerable absorption of alkaloid, which is 
retamed with extiemc persistency If the caffeine isolated be 
coloured, it may be dissolved m a little hot water, and the filtered 
solution evaporated to dryness, but there is little difficulty m 
isolating the alkaloid m a snow-white condition 

6 Caffeine is completely unchanged by heating to 100 Q with 
stiong hydrochloric acid, or with sulphunc acid diluted with one- 
third of its measure of water. On treating the mixture with 
water, the whole of the alkaloid may be recovered by agitation 
with chloroform, as m 4. 

7 Caffeine is leadily decomposed by alkalies By warming 
with dilute caustic soda, it easily undergoes change, and by boil- 
ing with lime it is partly decomposed, with formation of ammonia 
and methylamine (see page 479) 

8 When commeictal caffeine is treated with ignited magnesia 
and water, and the mixture distilled, a slight hut distinct formation 
of ammonia is observed, apparently accompanied with traces of 
volatile amines But the volatile bases are found chiefly in the 
first fractions of the distillate, the latter portions being quite free 
from alkaline leaction, and when carefully purified caffeine is 
employed, the formation of ammonia and other volatile bases is 
reduced to a minute trace Hence their formation is more probably 
due to the decomposition of some impuuty present m small 
quantity than of the caffeine itself, as m the latter case the pro- 
duction would continue throughout the distillation On filtering 
from the magnesia and extracting the filtrate with chloroform, 
the original weight of caffeine can he recovered, if the pure alkaloid 
Was originally employed. 
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9 If a mixtuie of caffeine with magnesia he made into a paste 
with water and dried, the alkaloid can be wholly ex ti acted - from 
the mixture by prolonged treatment with chloiofoiin 

10 When one part of caffeine is dissolved in hot water, and a 
solution of two parts of gallotaimic acid added, the caffeine can be 
accurately determined by precipitating the solution with load 
acetate and extracting the concentrated filtrate with chloiofoun 
If the hqmd be concentiated to a syrup, mixed with ignited 
magnesia, and dried at 100°, the whole of tho alkaloid cannot be 
extracted by boiling the powdered mass with dry chloroform, 
howevei long the treatment be continued If tannni prepared from 
tea be substituted for gnllotanmc acid m the foregoing experiment, 
a similar result is obtained 

11 When a decoction of tea is substituted for the foregoing 
artificial mixture of caffeine with excess of tannin a precisely 
similai result is obtained Whether sand or magnesia he used, 
the alkaloid is only paitially extiacted, even after prolonged 
boiling with chloroform oi ether 1 Thus, decoctions prepared by 

1 The following experiments weie made by G E. Scott Smith in the 
anthoi’s laboratory Fifty grammes woigbt of commercial black tea of 
medium quality was powdoied aud boiled with watoi foi thirty minutes The 
solution was filtered and made up to 1 litre after cooling Aliquot parts of 
the solution were then tieated in the following manner 
A 100 co (-6 grammes of tea) was evapoiated to a syiup and mixed with 
5 grammes of ignited magnesia The mixtuie was dried thoioughly at 100°, 
powdeied, and boiled with ether free fiom alcohol and water 

Caffeine extiacted by 6 lioius’ treatment, . 0 059 gi amine. 

„ „ 4 boms’ furthu tioatment, 0 009 „ 

„ „ 8 hours’ „ „ . . 0 001 „ 

Total, 13 0 0G9 = 1 88 pel cent. 

On subsequently boiling the lesidue with alcohol an additional 0 0005 giamme 
of caffeine was extiacted, making 2 59 peT cent m all 
B, Was conducted like A, hut diy chloiofomi was substituted foi other 
The total cafiemo oxtiactable by cbloioform was 1 54 pel cent 
C Conducted liko A, but leetifiod spirit .was employed at once It 
extiacted 2 81 pei cent of biowmsh cafibmo, which was isduced to 2 78 per 
cent by re solution m water and extinction with chlorofoim. 

D. Conduoted like B, but sand was substituted for magnesia Treatment 
with dry chloioform extracted successively 0 0366, 0 0175, 0'0135, and 0 0010 
giamme of caflomo during nine hours’ treatment On subsequent treatment 
with alcohol much tanmu and colouimg matter was extracted This was 
piecipitated by lead acetate, and the concentiated filtiato shaken with chloio- 
foim Additional yield, 0 070 gramme, making a total yield of 2 ’77 per cent. 
Why a portion of the caffeine hut not the whole should bo extiacted by 
ckloiofoim m the absence of magnesia is not evident 
E 100 oc ( = 5 giammes tea) was heated to boiling, tieated with solid 
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Lolling two separate samples of black tea with water were each 
divided into two equal parts One of these was precipitated by- 
lead acetate, and the caffeine recovered from the filtered and con- 
centrated liquid by repeated agitation with chloroform. The other 
halves were evaporated to dryness with magnesia and the powdered 
residue thoroughly exhausted by boiling with chlorofoim, and 
subsequently boiled with alcohol for a long tune. 


Laid process, 

Magnesia process by chloroform, 
„ „ by alcohol, . 


Sample B 
20 Minutes’ Bolling 


2 07 pci coat 
0 00) 

[■200 per ce 


In other expenments with mixtures of caffeine, tea-tannm, and 
excess of magnesia, from 8 to 10 per cent of the alkaloid was not 
oxti actable either by chloroform or alcohol, but could be recovered 
by tieatment with water 

12 "When finely-powdered tea is mixed with slaked litno, 
ignited magnesia, or sand, made into a paste with hot water, and 
the mixture thoioughly dued'at 100°, only a fiaetion of the total 
alkaloid can be extracted with chloroform, 1 however carefully the 
pioceas be conducted On subsequently tieatmg the mixtuie with 
alcohol, the greater part of the remaining caffeine is ultimately 
dissolved, but prolonged treatment by boiling alcohol is necessary 
to extract the caffeine fiom a mixture of tea-extract or powdered 
tea with magnesia, and complete extraction is always doubtful 

1 3 When a decoction of tea is treated with basic or neutral 
acetate of lead a voluminous precipitate is formed If an aliquot 
part of the liquid be filtoied, concentrated, and troated with 
sulphuretted hydrogen, sulphurous acid, sulphunc acid, or sodium 
phosphate, to remove the excess of lead, and again filtered, the 
caffeine may he extracted in a condition of perfect whiteness and 
purity by agitation with chloroform. 

lead acetate, filteied, and an aliquot pait of tlio filtrate concontiatod, ft oed 
from lead, and shaken lepeatedly with chloioform Cafieine wag locoveied 
equivalent to 2 63 per cent of the tea 

1 The remarkable faot of the letention ot the caffeine ol tea by lima or 
magnesia m a foim incompletely dissolved by chlorofoim was first obseived by 
B H Paul and G E Scott Smith (Ptom Join , [3], xxi 882) Little 
moro than one tlmd of the total caffeine was ovtiactablo by chlorofoim from 
the lime mixture, and little mole than one-half fiom the magnesia mixture. 
By subsequent treatment with alcohol the remaining caffeine was dissolved 
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14. By prolonged boiling with litharge a decoction of tea 
becomes completely decolorised, but the process is tedious If 
after a tune a small addition of lead acetate be made, clarification 
occurs in a few minutes, and an aliquot part of the liquid may be 
filtered and treated as in 13. 

Biom the foregoing statements (10, 11, 12, 13) it, is evident that 
the determination of caffeine when m a state of solution presents 
no great difficulty, though the widely-used plan of evaporating the 
liquid with sand and lime or magnesia, and extracting the dned 
mixture with chloioform or ether, gives gravely maecuiate results 
The great difficulty m determining the total caffeine present in tea 
is the obstinacy with which a portion of the alkaloid is retained by 
the vegetable tissue, a fact which suggests that it exists partly m 
some insoluble combination only gradually decomposed by boiling 
water or alcohol 1 

This form cannot he mere tannate of caffeine, as that compound 
is moderately soluble in boiling water It is more piobablo that 
the caffeine itself is a product of the hydrolysis of a more complex 
body, possibly a glucoside 2 This conjecture receives considerable 
support from the recent experiments of E Knebel ( Apoth Zeit , 
1892, vii 112), who states that the caffeine m the kola-nut exists 
as a glucoside, kol amn, which, on boiling with water, or treat- 
ment with dilute acids, splits up into caffeine, glucose, and k o 1 a» 
red, C u H 13 (OH) 6 

On the supposition that the cellular structure of the tea is the 
cause of the obstinate retention of the caffeine, Z o 1 1 e r ( Zntsch 
Anal Gliem , xn 106) has proposed to treat the finely-powdered 
tea with strong sulphuric acid diluted with one-thud of its 

1 Ths following figures, obtained in the anthoi’s laboiatory, show the into 
of exhaustion on treating powdeied black tea with hot and cold water — 

Caffeine exti anted by Boiling Water 
i hour, . 2 40 per cent, 

additional 2 hours, 0 72 „ 

„ 4 hours, Old „ 

„ fl hours, 0 01 „ 

Total In 12J hours, 3 85 

* These two fleureB have not been transposed 

Thus the extinction of the caffeine by boiling water was piactically complete 
after 6 boms’ tieatment, while with cold water the total amount was not 
dissolved aftoi 19 days’ treatment 

In both the hot and cold water experiments, the infusion reduced Fehhng’s 
solution aftoi lemoval of the tannin by lead acetate The caffeine did not 
l educe the coppei solution either before oi aftoi boiling with dilute acid 

2 The author has pioved the presence of a glucoside in some teas 
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measure of water, and heat the mixture at 100°, till the cells are 
thoroughly broken up. Some water is then added, an excess of 
hydrated oxide of lead stored m, and the mixture dned and 
exhausted with alcohol of 86 per cent The alcoholic solution is 
decolorised with animal charcoal, and evaporated till caffeine 
crystallises on cooling From the mother-liquor, the residual 
caffeine is extiacted by ether. Zoller obtained the high proportion 
of 4 9 2 per cent of caffeine from a high quality of Himalayan 
tea, in addition to an appreciable quantity of theobromine 

The author has made a number of expeuments on the lines of 
Zoller’s procoss, modified m various manners, but, chiefly through 
the remarkable persistency with which caffeine is absorbed and 
retained by the carbon formed by the acid treatment, they have 
not hitherto resulted m the evolution of a practical analytical 
method 1 

1 On treating powdeied tea with slightly diluted sulphuric acid, and heat- 
ing the mixtme m the watei-oven for an hour oi two, a blaolc pioduct is 
obtained which powdeis leadily On boiling this product with watoi, a 
peifectly colourless solution is obtained, fiom winch, aftei concentration, per- 
fectly colouiless caffeine is extiacted by agitation with chlmofoim, citliei with 
or without previous lemoval of the sulpluuic acid by boiling with lithaigo or 
white lead, oi neutralisation with ammonia The fact that a colourless liquid 
is obtained on ti eating tlto charred tea with wutei is due to the absorption of 
the colouring matters by the finely-divided carbon formed Unfortunately, 
this product also takes up a consideiable pioportion of the caffeine, and retains 
it with such obstinacy that it is only extracted by prolonged and repeated 
treatments with alcohol Although the entue amount piesent is ultimately 
obtainable in solution, the extraction is too uncertain and tedious to render 


the method a desirable one in piactice Exhaustion dneot with alcohol, ether, 
chloroform, benzene, or water, either with oi without previous neutralisation 
of the acid with litharge or magnesia, equally failed to ensuie ready extraction 
Of the numeious experiments made in this duection the following may be 
mentioned Twenty five grammes of ordmaiy blaok tea of medium quality 
was finely powdeied, and treated with 10 c c of sulpluuic acid diluted with 
one fifth of watoi The mixture was heated at 100°, tleated with a little watoi , 
and giound with excess of hthaige till neutral The mixtuio was fedned, and 
thoioughly exhausted successively m a Sovlilet-tubo with boiling rectified 
spirit, boiling proof spmt, and boiling water The solutions were evapoiated, 
and the caffeine extracted by lopoated agitation with chloioform. The follow- 
ing were the results obtained — , 

Yield of Caffeine 

By strong alcohol (sp gr 838), 3 03 per cent 

By subsequent tioatment with proof sphlt, 0 B0 „ 

By subsequent treatment with water, . 0 21 „ 


The caffeine isolated was snow-white. These results show that the alkaloid 
is unalteied by the treatment, and if extiaotion could be effected with certainly 
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As the result of very numerous experiments, the author gives the 
preference to the following method of extracting and determining the 
caffeine m tea It closely resembles a process employed by S t a h 1- 
sehnndt (Ghem GentrqlMat, 1861, 396) — Six grammes of 
finely-powdered tea is treated in a flask with 500 cc of water, 
which is then kept boiling under a reflux condenser No Soxblet 
extractor or similar arrangement is so effective or lapid as actual 
boiling with the water Alcohol effects no quickoi or bettei extrac- 
tion than water, and has the disadvantage of dissolving chlorophyll, 
After six or eight hours’ boiling, the decoction may ho filteied, tho 
residue washed on the filter, and the filtrate made up with water to 
600 c c, It is then heated nearly to boiling, and about 4 grammes of 
acetate of lead m powder added, a reflux condenser attached, and 
the liquid boiled for ten minutes. If on removing the source of 
heat the precipitate does not curdle and sottle leadily, leaving the 
liquid colourless, oi nearly so, a further addition of lead acetate must 
be made and the boiling repeated When clarification is effected, 
the liquid is passed through a dry filter live hundred o e of the 
filtrate ( = 5 grammes of tea) is then evaporated to about 50 cc, 
when a little sodium phosphate is added to precipitate the remaining 
lead The liquid is filtered, the precipitato washed, and the 
filtrate further concentrated to about 40 c c , when the caffeine 13 
extracted by repeated agitations with chloioform, at least four 
treatments with which aie necessary to ensure the complete extrac- 
tion of the alkaloid 1 The separated ehlorotoim solutions are mixed, 
and distilled m a tared flask immersed m boiling watei. The 
last traces of chloroform are removed while the flask is still hot by a 
current of air, and the residual alkaloid is weighed The caffeine 
thus isolated is snow-white in colom, neutral m leaction to litmus, 
and completely volatile and soluble m water It does not lednce 
Fehlmg’s solution either before or after boiling with dilute acid 
As a precaution, the exhausted tea-powder should be again 
boiled with water, and the decoction treated a3 before When 
experience has proved this to ho unnecessary, the piocess can he 
shortened by boiling the tea with 600 c c of water in the fiist place, 
and adding lead acetate without previously filtering from the 
exhausted tea This modification becomes necessary m the case of 

by a single solvent, the piocess would possess marked advantages Substi- 
tution of magnesia foi the oxido of lead, and vanous other mortifications of the 
details equally failed to give a satisfactoiy result 
! In the gieat majonly of cases the chloioform separates readily Should 
an obstinate emulsion he foimed, the host plan is to place the mixture in a 
nasls, distil off the chlorofoim, treat tho lesidual liquid with a few diops of 
basic acetate of lead, filter, and agitate the filtrate again with chloiofoim. 
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certain teas (e g , gunpowder), the aqueous decoctions of which 
filter veiy slowly 

The following lesults by the above process were obtained by 
C M C a 1 n e s in the author’s laboratory (Phai m Joui., [3], xxm. 
218) In some instances the caffeine extracted by half an hour’s 
boiling was determined, in addition to the total amount obtained by 
six hours’ boiling with water The results refer to the moistuie- 
free teas, which were represe native commeicial samples — 



Tannin , by 
Load Acetate 

Caffeine. 

Description of Tea. 

Extracted In 

80 minutes 

Total, 
extracted In 

0 hours 

Ceylon, whole leaf (Pekoe), 
Ceylon, bioken leaf, 

Assam, whole leaf (Pekoe), 
Assam, lnoken leaf, 

Ja\i Pekoe, . . 

Knisow, lod leaf, 

Jlontng, black leaf, 

Moyuno Gunpowilei, 

Natal Poltoe Souchong, 

13 01 per cent 

12 31 „ 

10 08 „ 

11 33 „ 

12 08 

11 35 

12 95 „ 

0 00 „ 

8 40 per cent 

2 70 „ 

3 86 per cent. 

4 03 „ 

402 „ , 

4 02 „ 

3 41 „ 

3 74 „ 

2 80 „ 

3 08 „ 


The foregoing piocess is applicable to the determination of the 
caffeine m coffee, of which 12 grammes may be conveniently em- 
ployed In the presence of chicory the extracted alkaloid is liable 
to be strongly colouied, m which case it should he redisaolved m 
water, a few drops of caustic soda added, and the liquid again 
exhausted with chloroform 

An alternative process for the deteimmation of caffeine m tea is 
that of PaulandCo w n 1 e y (P/mi m Joui , [3], xvin 417), which 
in some respects resembles a method described byYersmann 
(Aich Phaim., [2], Ixvm 148), and with ceifcam modifications com- 
municated to the author by A J Cownleyisas follows — Five 
grammes weight of finely-powdered tea is well mixed m a mortar 
with 2 grammes of ignited magnesia, the mixture thoroughly 
moistened with hot water, again triturated, and then dned at 100° 
It is next extracted with boiling alcohol, 1 and the resultant liquid 
evaporated nearly to diyness The lesidue is boiled with 50 c c of 
water, and treated with a few diops of dilute sulphuric acid When 
cold, the liquid is filteied and repeatedly shaken with chloroform 

1 Expeuments made m the authoi'a laboratory showed that evon with the 
most caicful tieatment it is difficult to ensure o mplete exti action of the 
caffeine, n small additional quantity being subsequently obtained by treat 
meut with water. 
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until exhausted 1 The united chloroform solution is then agitated 
with a very dilute solution of caustic soda, which removes a little 
colouring matter, so that on subsequently distilling ofl the chloro- 
form m a weighed flask, the caffeine is obtained perfectly pure 
and colourless, or at most with a faint green tinge. 

By the foregoing process, Paul and Cownley (P/iai m J<m , 
[3], xviu 417) found Indian and Cingalese teas to contain a much 
larger percentage of caffeine than, owing to the faulty methods of 
analysis employed, is commonly supposed The propoition of 
alkaloid isolated from commercial samples of all qualities, and con- 
taining from 3 6 to 6‘8 per cent of moisture, ranged fiom 3 22 to 
4 66 per cent on the team its commercial condition (equal to 3 57 
to 4 99 per cent, m the moisture-free tea), and boie no relation 
to the so-called “ stiength ” of the tea Java tea approached Ceylon 
tea, m the proportion of caffeine present (2 94 to 3 78 per cent ), 
hut China and Japan teas were generally pooler m alkaloid, the 
proportion m these pioducts ranging (for a limited number of 
samples) from 2 20 to 3 46 per cent J. II Small obtained, by 
Paul and Cownloy’s method of assay, from 1 79 to 2 30 per cent 
of caffeine from Japanese teas, and from 2 38 to 3 54 per cent 
from Chinese and Indian teas. 

Paul and Cownley have also employed the foregoing method 
of determining caffeine for the assay of cofee ( Phctrm Joui , [3], 
xvn 565, 648) The caffeine obtained by evaporation of the 
chloroform is liable to contain a small quantity of a biowmsh 
waxy or resinous impimty, and hence should be purified by 
re-solution m boiling water, and recoveied by evaporating the 
filtered solution and drying the residual alkaloid at 100°, By this 
process they found the proportion of cafleuie m coffee-berries to 
vary within comparatively narrow limits, and not to he materially 
affected hy roasting Hence they recommend the determination 
of the alkaloid m commercial coffee as a means of estimating the 
proportion of chicory or other admixture present 

, Theobromine. Dimetkyl-xanthme. 

CjH 8 N 4 0 2) or, C 6 H 2 (CH s ) a N 4 0 2 . 

The constitution and synthesis of theobromine have already been 
described (page 473) It is the lower homologue of caffeine, to 
which alkaloid it presents a close general resemblance, but differs 
considerably frbm it m its solubilities 

1 III Paul and Cownley’s experience, six or seven successive treatments with 
chloroform (using from 30 to 40 c.c each tune) aie neoessary to effect the 
complete extraction of the caffeine from the solution yielded by 6 grammes of tea 
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Theoui omme is isomeric with theophylline and parakanthine 

Theobromine exists naturally in cocoa, the seed or' bean of 
Theobi oma cacao , and together with caffeine in the tola nut 
(Sttivculia acuminata) An alkaloid apparently identical with theo- 
bromine was found by Zoller in a specimen of Himalayan tea. 

Theobromine forms a white, crystalline powder, which under the 
microscope appears as trimetric needles and club-shaped groups 
When heated to about 290° it sublimes without decomposition or 
previous fusion. 

Theobi omine has a very bitter taste, which is only slowly 
developed Its physiological action is snnilar to that of caffeine, 
but more powerful In large doses it produces well-defined 
poisonous effects It is eliminated by the kidneys, and can be 
detected in the urine 

Theobromine dissolves m 1600 parts of ice-cold or 148 of boil- 
ing water In cold alcohol also it is only very slightly soluble 
(1 in 4280), and requires fully 400 parts at the boihng-pomt, but 
dissolves far more easily in 80 per cent spirit It requires 1700 
parts of cold or 600 of boiling ether for solution, dissolves in 105 
paits of boiling chlorofoim, is soluble in amylic alcohol, dissolves 
slightly m benzene, and is insoluble in petroleum spirit 

Theobromine dissolves in acids, and is precipitated from the 
solution by alkalies, but is soluble m excess of ammonia or fixed 
alkalies It is wholly extracted from its solution in caustic soda 
by agitation with chloroform. 

Theobromine is a weak base, its salts being readily decomposed 
by water with separation of the alkaloid (compare Caffome, page 482). 
The hydi oahloride, BHC1+H 2 0, and mfrafe,. BHNO a , lose all 
their acul at 100°. B 2 H 2 PtCl 9 +2H 2 0 crystallises m oblique 
piisms, which effloresce in the air and become anhydrous at 100° 
BHAuC 1 4 forms tufts of yellow needles 

An aqueous solution of theobromine forms with mercuiic chloride 
a white ciystalkne precipitate, sparingly soluble m water and alcohol. 

One of the most definite and insoluble compounds of theobro- 
mine is that with nitrate of silver When a very dilute aqueous 
solution of theobromine nitrate is treated with silvei nitrate, 
silver-white needles containing C 7 H 8 lSr 4 0 2) AgN 0 3 form after a 
short time. The compound is only sjianngly soluble in water, and 
may be dried without change at 100°. If a solution of theobio- 
mine m ammonia be treated with nitiate of silver, a gelatinous 
precipitate is obtained which dissolves easily in warm ammonia, 
and on boiling the solution for some time hydrated silver 
theobromine, C 7 H 7 AghT 4 0 2 , separates as a granular nearly 
insoluble precipitate 
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Tkeobroihine reacts with alkalies like a weak aciil and forme 
definite salts. Tims tlie sodium salt is obtained by adding theo- 
bromine to soda-lye until a poition remains undissolved aftei long 
standing, and evapoiating the filtiatc undei the an-pump The 
pi oduet is destitute of ciystalhne s true tin e, is extiomely soluble in 
water, has a strong alkaline reaction, and absoibs caibou dioxide 
from the an The barium salt, (CyHyNjO^Ba, sepaiates on 
adding theobromine to baryta-watoi as a mass of microscopic 
needles, and is obtainable as a snow-white felt of silky needles by 
slowly cooling its solution in hot water If the solution be rapidly 
cooled, it solidifies to a stiff jelly 

Theobromine yields no pioduot similar to caffeidme when boded 
with concentrated baryta-water or caustic alkalies By such treat- 
ment, as also when heated with hydrochloric acid under picssuie to 
240°, theobiomme gives the same pioducts as caffome (page 478) 
The best piecipitant of theobiomme is a solution of sodium 
phosphotungstate (page 136), which should be addod to a solu- 
tion strongly acidulated with sulphuric oi nitric acid The yellow 
piecipitate should be mixed with sodium caihonato or magnesia, 
dried, and the mixture exhausted with chloroform, which dissolves 
tho theobromine 

When theobromine is heated with dilute sulpliuuc acid and 
lead dioxide, carbon dioxide is evolved When onco stalled, the 
reaction continues without further application of heat, and if excess 
of the oxidising agent and too long heating be avoided tho filtered 
liquid is colomless, but evolves ammonia on tieatment with a 
caustic alkali, separates sulphur from sulphuretted hydrogen, colon it, 
the skui purple-red, and immediately turns blue when tieatcd with 
a moderate quantity of magnesia Excess of magnesia destroys the 
colour, which may be lestored by cautious addition of sulphuuo acid. 

By oxidation with chiomic acid mixture, tlioobi online yields 
carbon dioxide, niethylamme, and methyl-parabamo acid, 
0 S H(CH 8 )N 2 0 8 1 Aqueous ohloime conveits it mto methyl- 
urea, CH 3 (Cn 3 )N 2 0, and m e t h y 1 - a 1 1 o X a n, C,H(GH J )N,0 4 , 
while treatment with hydrochloric acid and potassium chlomte 
oxidises it to dimethyl- alloxan tin, G a II 4 (CH 3 ) 2 N 4 O s 
Theobromine gives with oxidising agents and ammonia the same 
colour-reactions which characterise caffeine (page 480) 

Isolation and Dictuumination of Theobbominb, 

Theobiomme may he isolated by much the same methods as those 

1 Metliyi-parabamc acid is easily soluble m hot lvatei, fioui which 
it crystallises m tianspaiout prisms, melting at 148” Wanned with ammoma 
and calcium clilmulo, it gives a piecipitate of calcium oxalate (eowpait Chyles 
tiophane, page 481). 
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used for the determination of caffeine, having regard to the fai leas 
ready solubility of the foimei alkaloid m water, alcohol, and other 
solvents. As in the case of caffeine, the methods used by observers 
who have lecorded high yields of theobromine aie more trust- 
worthy than those of chemists who have succeeded m isolating 
comparatively small propoitwns 

For the preparation of theobiomine, E Schmidt (Archm tier 
Pharmaeie, ecxxi 666) mixes commercial cocoa (freed as far as 
possible from fat by pressure) with half its weight of freshly- 
slaked lime, and extracts the mixture with boiling alcohol of SO 
per cent (by volume) On cooling the alcoholic extract, theo- 
bromine sepaiates out, and on recrystallisation from hot alcohol is 
obtained as a white, ciystalline anhydious product. 

Befoie extracting theobromine it is piefeiable to get rid of the 
fat by exhausting the fmely-dmdcd cocoa with petroleum spmt. 
The residue is made into a paste with water and ignited magnesia, 
dried at 100°, and exhausted with spmt of 80 per cent 

Another method of extracting the theobiomine from cocoa is to 
exhaust the substance with water or dilute alcohol, piecipitate the 
solution with acetate of lead, 1 separate the lead fiom tho filtered 
solution by sulphuretted hydrogen, evapoiate the filtrate to diyness, 
and extract tho theobiomine fiomthe residue by boiling chloioforin, 

Caffeine may bo sepaiated from theobiomine by treating tlie 
mixed alkaloids with cold benzene, in which theobromine is 
practically insoluble. 

James Bell {Foods, i 85) boils 100 grams of the cocoa 
repeatedly with benzol, which dissolves fatty matteis and caffeine. 2 
The residue is mixed m a moitar with 100 giams each of sand 
and calcined magnesia and sufficient water to form a paste, the 
pioduct dried at 100°, and repeatedly boiled with strong alcohol 
The solution is filtered, distilled, and the residual theobiomine 
dried at 100° and weighed. It is freed from tiaces of fat and 
caffeine by tieatment with hot benzene, and then tieated twice with 

1 By using a known volume of liquid and filtenng oil four fifths oi othei 
known propoition, the tedious washing of the bulky load piocipitate may be 
avoided When once the alkaloid is in solution, tho method recommended by 
the author foi the determination of caffeine (page 490) is also applicable to 
theobiomine Tho chloroform should ho used waim, 

2 Bell refers to this pioduLt, which was especially yielded by Tnuidad cocoa, 
as a ''theme like alkaloid,” but as Weigmann and E Schmidt liavo 
both proved the occunonco of caffeine in cocoa ( Annalcn , ccxvn 306) theie seems 
no doubt as to the natuie of tho subbtance obseived by Bell He sepaiated 
it from the fatty mattoi by boiling with watei The aqueous liquid was 
evaporated, and the alkaloid punfiod by successive solution m water and 
benzene, 
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a little ice-cold watei It is thus obtained white and perfectly pure, 
except for the presence of a trace of mineral matter 1 Bell found 
by this process the following proportions of alkaloid in cocoa — 


Guayaquil (nibs), 
Grenada (nibB), 
Surinam (niba). 
Tun Iliad (nibs), 
Trinidad (lniBlts), 


0 02 pei cent 


It is probable that Bell’s lesults are considerably below the 
tiutli, since P a y e n found 2 per cant , M 1 1 a c h e r 1 1 c h, 15 
per cent, Trojanowslci, 12 to 46 per cent, while G, 
Wolfram found, in six samples of dried cocoa-beans divested of 
their shells, from 1 34 to 1 66 per cent of theobromine, with an 
average of 1 56 pei cent The dried husks of the same beans 
contained from 0 42 to 1 11 per cent of tlieobionune, with an 
average of 0 76 per cent Weigmann found 0 17 per cent of 
caffeine in the kernel and from 0 11 to 0'13 per cent in the shell 
of cocoa-beans 

G Wolfram (Dmgl Polyt Jour , ccxxx 240) lias described 
the following method of determining theobromine 2 If shelled 
cocoa-beans are to be analysed, they aie ground up in a Hot mortar 
to a thick paste Ten gi amines of this mass or SO grammes woight 
of chocolate is digested for some time in hot water, and the solution 
filtered The filtrate is precipitated with ammomacal acetate of 
lead, the solution filtered hot, and the precipitate washed with 
boiling water till the washings (acidulated with mtnc acid) cease 
to give a yellow precipitate with Scheihler’s reagent (page 136), 
The filtrate is rendered slightly alkaline with soda, concentrated to 
about 50 c c., strongly acidulated with sulphuric acid, and the lead 
sulphate separated by filtration The filtiate is now tieated with 

1 Tins might readily be lemovod by dissolving tho alkaloid in hot cbloio- 

fonn, and such tieatmont would obviate the necessity of tieutmg the nil pm e 
alkaloid with watei, which cannot be perfuimed without loss Bell’s process 
is neaily identical with that pi eviously described by Tiojanowsky (Arch 
Pliarm. , [3], x 32 , Jour Chem Soc , xxxii 363), except for the substitution 
of ‘ benzol foi petioleuni ethei, a change which suggests contusion between 
tho two solvents, and piobably oauses loss of theobromine , 

2 A similar method has been successfully employed by Mitscherlich 
for the isolation of theobromine from mine 
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a largo excess of sodium phosphotungstatq, (Scheiblei’s reagent) 
The coagulation of the slimy, yellowish-white precipitate of theo- 
biomme phosphotungstate is facilitated by warming and stirring 
the mixture gently After standing seveial horns, the precipitate 
is filteied off and washed with dilute sulphuric acid (6 to 8 per 
cent. HjSOJ Wolfram then decomposes the precipitate by hot 
baryta-water, precipitates the filtrate with sulphunc acid, removes 
the excess of the latter by barium caibonate, evaporates the filtered 
liquid, and weighs the residual theobromine, which is then ignited 
and any ash deducted. L Legler ( Zeitschr Anal. Chem , xxm 
89) dissolves the piecipitate m caustic soda free from chlorides, 
nearly neutralises with sulphunc acid, evaporates to dryness with 
sand, and extracts the residue with amyhc alcohol The solution 
is evaporated to dryness at 100°, the residue weighed, and the loss 
of weight on ignition regarded as theobromine A pieferable plan 
to either would be to mix the moist theobromine phosphotung- 
state with sodium carbonate, dry, and extiact with boiling 
chloroform, winch on evaporation would leave the theobromine 
in a pure state 

Diuretin Under this name a pieparation has been intro- 
duced into medicine having the constitution of a combination 
of sodium-theobromine and sodium salicylate, and the formula 
C 7 H 7 NaN 4 O 2 ,C 0 H 4 (OH) COONa 

Diuretm is colourless, odourless, slightly soluble m cold water, 
and insoluble m chloroform or ether, but readily soluble in hot 
water or warm dilute alcohol. The physiological action of diuretm 
is said to be quite distinct from that of the analogous com- 
pound of caffeine It is stated to be much more readily absorbed 
than simple theobromine, and to be devoid of any toxic properties, 
or of the peculiar excitant influence on the central nervous system 
exerted by caffeine 

Owing to the high price of theobromine os compared with caffeine, 
substitution of the former by the latter alkaloid is possible, and 
lienee G Vulpius ( Jom Chem Soa, Ivin. 1475) has pro- 
posed the following method for the assay of diuietm . — 2 grammes 
weight of the sample is dissolved m 10 cc of water in a porcelain 
dish, the solution acidulated with hydrochloric acid, and then, 
rendered faintly alkaline with ammonia The liquid is kept for 
three hours at the ordinary temperature, and fiequently stirred. 
The separated theobromine is then collected on a tared filter, the 
filtrate being used to transfer the last portions from the dish. 
Gentle suction is used to remove the last of the mother-liquor, 
and the theobromine is then washed twice with 10 cc of cold 
water, dried at 100°, and weighed By this method, Vulpius 
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recovered from 41 to 41 \ per cent, of tkeobiomme from pure 
diuretm, 6} per cent, remaining rn the filtiate and walkings 
Making tlua allowance, tke tkeokiomme should not be less than 
46} per cent, and that isolated should melt when carefully heated, 
he completely volatile, nnd dissolve readily m caustic soda solution 
From the filtiate from the theobiomme, the salicylic acid can he 
isolated by acidulating with hydrochloric acid and agitating with 
chloroform The separated chloroform is washed with water to 
remove mineral acid, a little wator and a diop of phenoJphthalem 
solution added, and the liquid then titrated with deunormnl caustic 
alkali Each co ol-| alkali required tor neutralisation represents 
0 0138 gramme of salicylic acid Diuretm should contain 38} per 
cent of salicylic acid The titration completed, the chloroform may 
be separated and evaporated, when the residue will represent the 6 5 
per cent of theobromine not previously separated, togetkei with 
any caffemo the preparation may have contained To pihve the 
absence of caffemo m diuretm, Vulpius recommends that 1 gramme 
of the sample should he dissolved m 5 c c, of water, and the solu- 
tion neutralised with hydroohlouc acid, when the theobromine 
will foim a milky precipitate readily soluble m soda solution. If 
the mixture be shaken with its own measure of chloroform, not 
more than 0 005 giammo of residue should remain on evaporating 
tho separated chloroform 

Theophylline, C 7 H a .N' !l 0 2 , a base existing m minute quantity 
in tea, is isomeric with theobromine and paraxajithino 
(occurnng m bnman mine) According to A Kossel 1 (Berichio, 
xxi 2164, Pham Jour, [3], xix 41, Jour (Jhem Soo., liv. 
1115), theophylline ciystallises with 1 aqua, which it losos at 110° 
It melts at 264°. It is easily soluble in warm water, but spar- 
ingly in cold alcohol, and is extremely soluble in very dilute 
ammonia It forms a crystalline hydrochloride, nitrate, chloro- 

1 For its isolation , Kossel extracts tea leaves with alcohol and e vapoi atos 
the tincture to a syiup, when most of tho calleme crystallises out on ooolmg. 
The filtrate is diluted with water, acidulated with sulphuric acid, filtered after 
a considerable time, made alkaline with ammonia, and precipitated with 
nitrate of silver. After standing twenty four hours the precipitate is filtered 
off and ivaimed with mtne acid , on cooling the liquid, the silver nitrate 
compounds of adenine and hypomnthine (savciue) oiystallisa out The acid 
filtrate is treated with ammonia, and tho precipitate suspended m water 
aoidulated with mtuc acid and decomposed by sulphuretted hydiogen Qn 
concentrating tho filtrate, xanthine first ciystallises, and subsequently theo- 
phylline. The mother-liqnoi is precipitated with ineicuric mtiate, the free 
acid being neaily neutralised with soda. Tho precipitate is then separated, 
suspended m watei, and decomposed by sulphuretted hydrogen, and the 
theophylline recovered fioni the filtiate. 
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platinate, auro-chlonde, and mercuro-chloride, and combines with 
soda to form a readily soluble compound When evaporated with 
chlorine- water, theophylline yields a scarlet residue, changed to 
violet on addition of ammonia. The silver-det ivative, C 7 H v Aghr 4 0 2 , 
is obtained as an amorphous precipitate on adding silver nitrate 
to an aqueous solution of theophylline It crystallises from hot 
ammonia, and dissolves readily m nitric acid The methyl- 
derivative, C 7 H 7 MeN 4 0 2 , prepared by heating the last sub- 
stance with methyl iodide and methyl alcohol, melts at 229°, and 
is identical with caffeine. 

Tea . 1 

The tea of commerce is the prepared leaf of Thea sinensis (and 
perhaps allied species), a shiub-lilce plant belonging to the genus 
Gamdha lb occurs native m the Himalayas and Assam, has long 
been cultivated m China and Japan, and is now raised laigely m 
Bntish India, Ceylon, Biazil, &c 2 

It was formerly believed that green and black teas were the 
product of diBtmct plants, but it is now known that the difference 
is due to the method of preparation; black tea having undergone 
a certain amount of fermentation, wlieieas m green tea this change 
is carefully prevented. 8 The leaves are gathered from the plants 
four tunes a year, and are distinguished according to their age. 
Each leaf is at first a “ flowery Pekoe ” leaf, which is the name 
applied to the leaf -bud. This becomes m succession “orange 

1 French , h Thi German ; der Thee. 

a The Report of H M. Customs for 1891 to 1892 states that the weight of tea 
imported from the pemnsnla of Hindostan showed a deorease of tinea million 
pounds, while that from Ceylon moi eased by more than sixteen millions of 
pounds, exoeodmg for the first tame that of China tea, which now forms only 
one fourth of onr entire consumption 

8 "For llaclc teas, the leaves are withered a little, rolled to libeiate the juices, 
loft in balls for the proper state of fermentation, then sun-dried and subjected 
to a caiefnl firing in a furnace For green teas, the fresh leaves are first witlieied 
m hot pans, then rolled to fieo the juices, slightly roasted in tho pans, sweated 
in bags, and returned to the pans for a final slow roasting, with. ’stalling, for 
eight or nine hours, beginning at the temperature of 160° F., and falling to 
120° F. at the close ” (A B Prescott) The methods of preparing tea vaiy 
materially in different countuos In India, the manufacturing processes are 
very muoh simplified, being reduced to five, instead of the twelve practised in 
China In addition, tho work is nearly all accomplished by machinery, so 
that the leaves are not tonohed by the labourers, except in picking This is 
partially trus also of Japanese tea, whereas Chinese tea is manipulated almost 
entirely by hand, except when the feet are employed A detailed description 
of the method of preparing Japanese tea has been given by J. Takyama 
( Chem News, 1 299) 
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Pekoe,” “Pekoe,” “Souchong 1st,” “Souchong 2nd,” “Congou,” 
nud finally “ Bohea >n In some cases the leaves are classified simply 
as Pekoe, Souchong, and Bohea The first and second pickings of 
the season furnish the finest teas • hut the quahty of the product 
depends on the age of the tiee as well as the age of the leaf , the 
finest teas being produced from tho young leaves of young plants, 
whilst old leaves, and the leaves of old wood, are deficient both m 
flavour and extract 2 

Besides the foregoing distinctions, based on the age of the leaf, 
there are other classifications based on the distnct of growth and 
the method of preparation Thus among the chief commercial 
varieties of black tea are Assam, Ceylon, Japan, Kaisow, Moning, 
and Oolong, and those of gieen tea, Gunpowder, Hyson, Youfig 
Hyson, Impeual, and Twanlcay Green tea has much declined in 
popularity of late years “ Caper tea ” is always more or less of a 
factitious chaiactei 

Yeiy few trustworthy complete analyses of tea have been pub- 
lished ; and, indeed, they have hut a limited interest or practical 
value, since the tea is not consumed as a whole, but invariably 
infused, and the infusion contains the tea-constituents in very 
different proportions from those m which they exist in tho leaf 

An average of sixteen analyses of tea made by Ho mg 
showed 1 — Moisture, 11 49 per cent , caffeine, 1 35, albuminous 

1 Pck-ho signifies “white hairs Soil-chong, “ littlo plant ,” and Con-gou, 
“ labour " 

a O Kellner {Land Veisuchs-Stat , 1830, 370 , Jour Chern Sob, In 73) 
has published analyses of the leaves of the same tea plant duung six months 
(May to November) His figures show a decrease m tho proportion of total 
nitrogen, and almost entire disappearance of amido niti ogen in the older 
leaves The caffeine fell from 2 86 to 1 00 (estimated by evaporating tho 
infusion to dryness with magnesia, and extraotmg with ether), and the tannin 
rose from 8 "58 to 12 16 The hot-water extract remained piactically stationary, 
while' the ether-extract rose from 6 48 to 22 19 The ash mcieased from 4 69 
to 5*04 only, but m July fell to 4*29, and in September reached 5 11 All the 
ash determinations are impiobably low, and suggest ignition at too high a 
temperature Such an error would vitiate. the potash determinations, which 
showed a vanation from 49*00 in May to 17 31 in November The manganese 
(Mh 3 Oj) ranged from 1 21 to 2*48, and the ohlorine from 1 04 to 1 66 per cent, 
of the ash 

Tho albuminoids were determined by a modification of Stutzer’s process. 
The aqueous decootion of 2 grammes m 100 c c of watei was treated with 
20 o o of a 10 per cent solution of onpnc sulphate, and a titrated solution of 
caustic soda m such quantity as to leave a little copper in solution The 
liquid filteied rapidly, and was free from albuminoids The precipitate was 
washed first with hot water and then with strong alcohol The contained 
nitrogen was determined by ignition with soda-lime 
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matters, 22‘22 , ethereal oil, 1 0 67, gum and dextim, 7*13, 
fcainun, 12 36, fat, wax, and chlorophyll, 3 62; other nitrogen- 
free matters, 16'75 , woody fibre, 20 30, and aah, 611 per cent 
J M Eder (Dingl Polyt Jour, ccxxxi. 445, 526) gives the 
following as the average composition of tea.® 



Albuminous bodies (probably 1 ^ Albuminous bodies, . . 12 7 

legumlu), ) Mineral matteis, . 4-0 



1 Essential Oil is deteimined by distilling a consideiable quantity of tea 
(200 grammes) with 1600 o c of water, and agitating the distillate with ether 
On distilling off the etlicr the tea oil remains Edei found 0 62 per cent, of 
oil in gunpowder and 0'41 pel cent, m pekoe bloom tea by this piooess 
Batteisliall employs 10 grammBs of tea and satniates tlio distillate 
with calcium chloude before agitating with ethei. A good sample of black 
tea yielded P*S7 per cent of volatile oil when examined by this method 
Tea oil is a bright yellow liquid, whioh darkens and lesmiftes on oxposure to 
the an for a few days, and turns reddish blown with mtno acid Even on 
exposing the aqueous distillate from tea to the an for some time, it loses its 
aiomatio odour, and little or no oil can then be sepaiated fionl it by ether, 
and even if the distillate be kept in olosed vessels the aionia la soon lost. 
These facts explain the foot that tea leaves lose then bonquet by age oi 
exposuie, 

Quercitrm and Quercitin, stated by H lasiwetz to be pioseut m 
tea, are described m Vol III. Part I page 341 
Bobeio Aoid, C 7 H J0 O 0 , according to Roohleder (Annalen, lxm 202), 
exists to the extent of 0 1 to 0 2 pei cent m black tea It is pioparod by 
precipitating a boiling infusion of tea with acetate of lead, neutiahsmg the 
flltoied liquid with ammonia, suspending the washod preoipitato m absolute 
alcohol, and decomposing it by sulphuretted hydrogen The hltiato is 
evaporated to diyness m mcuo, and the leBidual bobeio acid punfied by 
resolution iu water, &c It is a yellow resmous body, molting at 100° to a 
tenacious mannei, and decomposed on exposure to air It is extiemely soluble 
in water and alcohol, and giving a brown coloration but no preoipitato with 
ferric chloride The saltB aie mostly insoluble and amoiphous 
a Edor’s figuies foi mineral matters soluble in watei are considerably lower 
than any other observer, and Ins propoition of insoluble matteis is m excess 
and of solnble m defloiency of those usually recoided His tannin, which was 
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The following analyses by Y Kozai (Bulletin, Ko 7, Imperial 
College of Agriculture, Japan) have a special value owing to the 
author’s knowledge of tea manufacture Special piecautions were 
taken m sampling the leaves to ensure strictly parallel specimens 
being taken The figuies refer to the moisture-free leaves in each 
case , — 



The proportion of ash found by Kozai is remarkably low, but it 
seems not impossible that this is characteristic of Japanese teas, 
since some analyses byj. Takayama (Ohem Neus, 1 299) show 
the same pecukaiity. 

An analysis of the so-called “ flower of tea,” consisting of the 
hairs of the leaf-buds of the tea-plant, has been published by T 
B Groves (Year-Book Phani , 1876, page 610) 

James Bell {Foods, l. 6) gives the following figures as 
illustrating tho composition of fair representatives of black and 
green teas of commerce 1 — 

determined by precipitation vuth cupno acetate, is unusually low, Of the 
extract, horn 16 to 16 per cent was piecipitable by strong alcohol A nitrogen 
determination on the precipitate gave a result coirespondmg to about 12 per 
cent, of albuminous matteis, and the diffeienco was legnided as gummy sub 
stances Tbs chlorophyll, wax, and losm were extracted by ether from the 
insoluble nmttei, aftei drying, and the residual cellulose purified by tieatment 
with mtno acid, potash, and alcohol 

1 It is evident that m these analyses some constituent was determined by 
difference, but it is not stated whioh Noi does Boll Btate the method used 
foi doteumning the tannin, the figures foi which are highly improbable, 
while other of his descriptions are incomplete or ohscute, 
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The following figures are given hy J. P P atte rsh all (Food 
Adulteration, page 28) as the results of the analysis by American 
chemists of samples repiesentmg 2414 packages of Indian tea, a 
class remarkable for their general stiength, high quality, and freedom 
from adulteration , — 



The following figures, obtained by C M Gaines m the author’s 
laboratory, are interesting as indicating the chaiacter of the first 
parcel of Natal tea ever imported into England 1 — Moisture, 8 36 
1 Natal tea mast not be mistaken foi the so-called "Capo tea” and 
" Bush tea,” consisting of the dned leaves and twigs of ceitam species of 
Cyclopia Accoulmg to H. C Gieenish (Phmm Jour , [3], xi 649, 609, 
882), Cape tea is destitute of caffeine or other alkaloid, but contains a 
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per cent , insoluble matter, 51 96 , hot-water extract (complete), 
39 68 , tannin by FbA 2 , 8 33 , tannin by CuA. 2 , 8 50, caffeine 
by PbA 2 and chloroform, 2 85 ; total ash, 614, soluble ash, 

3 56 , alkalinity (K 2 0) of soluble ash, 1 15 per cent. 

The Moistuie contained in commercial tea varies withm some- 
what wide limits (4 2 to 1 0 8 per cent ) , but the range is far less 
when teas of the same class are compared Thus G W Wigner 
(Pliai m Join , [3], vi 361) found that hyson and gunpowders, both 
of which are highly-dried teas, contained the smallest proportions 
of moisture (4 84 to 6 65 per cent), and, after drying at 100°, 
absorbed from 6 04 to 6 98 per cent of water on exposure to air 
Congou tea3 showed m then original condition an avorage of 8 50 
per cent of moistuie, and' never wholly regained their original 
weight on exposure to air after drying at 100° The aveiage pro- 
portion of moisture in commercial tea is about 7 7 per cent,, and 
the usual range between 7 and 9 per cent 

Caffeine or Theine The proportion of alkaloid present in tea 
vanes considerably, the general range being from 3 0 to 4 0 per cent, j 
but the experiments of Paul and Cowuley (page 492) show that in 
Indian and Ceylon tea the proportion is more frequently above 

4 per cent than below that figure, and m a special sample of 

Himalayan tea, Zoller found as much as 4'94 per cent of caffeine, in 
addition to a small proportion of what was apparently theobromine 
Unfortunately, by far the greater number of published deteimina- 
tions of caffome are quite unreliable (see page 484), and, indeed, 
the low figuies recorded suffice ' to indicate then inaccuracy , and 
hence any deductions as to the relation of the quality of tea to 
the proportion of alkaloid present must be received with great 
caution. The proportion of caffeine is not generally considered to 
have any direct relation to the commercial value of the tea, and 
the tea-taster takes no cognisance of it The results of J F 
G e i s 1 e r (page 506) tend to show that the proportion of caffeine 
which passes into the infusion has a relation to the quality of the 
tea, the superior qualities giving up their alkaloid to water more 
perfectly than the inferior , but as the whole of Gender's figures for 
caffeine (1 15 to 3 50 per cent) are probably below the truth, tod 
glucosidal body called cyclopin, similar to cinchona- 

novatannio acid, and yielding, when boiled with dilute acid, glucose, 
end a substance of the foimula C 18 H M O l0 , closely resembling cmchona-nova- 
red Gi eemsh also found a crystalhne substance exhibiting a gi een fluoi escen ce 
in alkaline solutions, and probably identical with the cyolopic acid 
previously described by A H Church ( Ghem News, xxu. 2), and like- 
wise a third substanco analogous to cyclopm, and apparently an oxidation- 
product of that body. Cape tea yielded the author 80 poi cent, of extract, 
and on ignition left 8 ‘1 per cent, of an ash containing manganese. 
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much stress must not be laid on this conclusion, 1 and the same 
remark is applicable to the proposition ofP Dvoikovitch, that 
the higher the proportion of alkaloid bears to that of the tannm 
and fermentation-products, the more valuable is the tea This 
varied from 16 0 . 84 to 24‘5 . 75 5, the percentage of alkaloid in 
the tea itself ranging fiom 2 14 to 3 45 per cent. 

Chloeophyll. When either green or black tea is boiled with 
alcohol or chloioform a solution of a more or less grass-green 
colour is obtained, owing to the extraction of chlorophyll. E. B. 
Kenrick states that cheap black teas yield loss chlorophyll 
than the better kinds, and believes that a distinction of practical 
value might probably be based on a colorimetric determination 

Extract By the teim “ extract,” when used m reference to tea 
analysis, is understood the sum of the soluble matters extracted flora 
the leaf by boiling water. It includes caffeine, tannin, albuminous 
matters, gum, dextrin, coloiumg matter, mineral matter, &c , 
besides otliei less impoitant constituents, such as gallic acid, 
boheic acid, oxalic acid, and qnercetm, which substances are 
present in comparative small quantity, if at all 

The proportion of extractive matter yielded necessarily varies 
with the method used to exhaust the tea, and is, of course, higher 
when the tea is powdeied and the treatment with water long con- 
tinued and carried to an extreme than when the whole leaves are 
used and the tea simply infused in boiling water The latter 
method commends itself when the object is to study the character 
of the infusion likely to he yielded m practice, while the former 
plan gives more information when the objection is the detection of 
adulteration 

An interesting comparison of the results of the two methods has 
been made by J E Geisler, who has published an extensive 
series of analyses of teas obtained direct from American importers 
and wholesale houses ( American Gi ocer, Oct 23, 1884; Analyst 
ix 220 , Prescott’s Organic Analysis, page 505 et seq ) The 
following table by Geisler shows the proportions of extiact, tannin, 
caffeine, and ash which passed into solution when various repre- 
sentative commercial teas were infused undei precisely the same 
conditions by pouring on the leaves 100 times their weight of 
boiling distilled water, and allowing the liquor to “ diaw ” for ten 
minutes The ratio which the dissolved constituent bore to the 
total is also given 

1 In a private communication to the author, Mr Geisler states that the 
caffeine was deteimmed by mixing the concentaated docoction with, magnesia 
and sand, and exhausting the diy mixture with chloiofoim (compaie 
page 486) „ 
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A comparison of these figures shows that, as a rule, the finer 
teas yield to hot water laiger proportions of extract, caffeine, ami 
ash than the inferior qualities On an average, the asli of the 
extract exceeds by 0 62 per cent the “soluble asli” obtained by 
treating the ash of the entire tea with water The piopoition of 
tannm rises and falls with that ot the extiact, and the ratio which 
the dissolved extract and tannin bear to the total has a notable 
relation to the price of the tea 

By the same method of 10 minutes infusion m hoiling-hot 
watei, E B Kenrick {Build-in No 24, Laboratory of Inland 
Revenue Department, Canada) obtamed the following average 
results from commercial samples of tea . — 


Description ol Toss 


No, of 
Samples 


Tannm 

Dissolved 


Caffeine 


Dissolved 


Ratio of 
Aq Extraot 
to Tannin 


Congou, 

Ceylon, 

Unolussed Black, 
Japan, 
Gunpowder, 
Young Hyson, . 


88 68 
23 76 


800 
10 98 
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From these figures it appeals that congou teas yield less extract 
than green and Japan teas, while Assam and Ceylon teas yield 
intermediate results Not only do the Japan and green teas yield 
more soluble tannin than the black, but the propoition of tannin 
to the whole extract is greater m the former lands On the other 
hand, the black teas appear to yield more soluble caffeine than the 
Japan and green teas. 

The following figuies by Geisler show the influence of the 
time allowed for infusion upon the proportion of the constituents 
dissolved, and the difference m the result caused by substituting New 
York water (Croton River, of 4 96 degrees hardness per 100,000) for 
distilled water. In each case the tea used was the finest Foimosa 
Oolong, and it was infused m 100 parts of boiling water — 



result is obtained as m a longer tune, without so much astringent 
matter being extracted. When Croton water is used, 10 minutes 
gives a materially better result, so far as caffeiuo and extiact are 
concerned, while the proportion of tannin is not increased m the 
same pioportion In all these experiments the volatile oil is left 
out of consideration, though it is to this constituent that the flavour 
and aroma of the tea is due, and on these chaiacteis the commercial 
value of the tea materially depends The tannin and extiactive 
matter impait astnngency, strength, and body to the infusion 
Gaffeme, being almost tasteless, is not taken into account by tea- 
tasteis, though physiologically it is the most important constituent 
of tea. 

In tastvny tea, it is nsual to infuse the weight of a sixpenny 
piece (43 giams) of the sample in 3 A fluid ounces of boiling water, 
and to pour off the infusion after standing fiom 3 to 5 minutes, 
according to the practice of the taster The infusion is not 
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swallowed, and, of course, no sugar or -milk is added In the 
process of manufacture, tlie different sized leaves are separated by 
sifting, and thus broken leaves and dust are obtained, which, 
though yielding a strong infusion, will be sold at a lower rate 
Broken or powdered tea loses its aroma more lapidly than whole- 
leaf toa Hence, in judging of the commercial value of a tea, the 
appearance of the leaf and extent to which it is damaged are taken 
into account as well as the characters of the infusion. The 
infusion is judged by its strength or astmigency, its flavour, its 
colour, and its odour The strength and flavour are dependent 
on the age, and consequently the size of the leaf, and the time 
the tea has been kept since its manufacture A chemical analysis 
will indicate the stiength, hut not the flavour of the infusion, and 
hence is of little use m the valuation of high-puced teas , but as 
m medium and low-priced teas the strength is of as gieat or more 
importance than the flavour, a chemical analysis will, m such cases, 
go far to indicate the commercial value of the tea The opinion 
formed of a tea by a professional taster is sometimes very different 
from that to which a chemical examination would lead 1 
It is comparatively unusual for unmixed tea of any land to he 
sold retail. Blending of several kinds is very generally practised, 
and when conducted judiciously materially improves the character 
of the tea 

1 In 1874, tho author submitted to two tea-taston of consideiablo experience 
a senes of samplos which he had specially prepaied to test then ability to 
recognise adulterations of tea by tho taste The following were the opinions 
expressed — 


Nature of Sample 

A'a Opinion 

B's Opinion 

No 1 70 pei cent of No 2 


Very poor , contained many 
exhausted leaves , ranked 
fifth 

andSO per cent exhausted 
and ledriad leaves, 

doubt; from piesence of 
exhausted leaves 

No 2 Genuine bl&ok tea of 
fair duality 

Genuine 

Passed pure , ranked fint 

No 3 No 2 somewhat 

Mixed v?lth exhausted 



leaV.0 

but lacks sti ength, and Is 
thorefoia suggestive of 
exhausted leaves Hanked 

No i 80 per cent of No 2 

Genuine , better tea than 

Not pure, hut veiy slightly 

and 20 pei cent of ex 
hansteil leaves, to which 
a little Na 3 CO s was added 
while lediymg 


adulteiated with ox 
luiusted leaves, Banked 

No 6 80 pci cent of No 2, 
20 pei cent of exhausted 
leaves, and a little onto 

A washed out toa to which 
some astilngeut mattoi 
had been added 

Passed ^pure, and ranked 




ADULTERANTS OP TEA 


509 


Adulterations op Tea 

Before the passing of the Adulteration of Food Act of 1 87 2, tea 
was subject to adulteiations of the grossest kind/ most of which 
were practised prior to importation. By the Sale of Food and Drugs 
Act of 1875, provision was made for the* examination of tea by 
the Custom House, and the exportation or destruction of very bad 
parcels 2 Hence the tea now Bold m the United Kingdom is rarely 
adulterated m the gross manner which was formerly common 3 
The adulterants of tea may he conveniently arranged under the 
following four heads — 1 Mineral additions used for increasing 
weight or bulk, such as sand, magnetic iron ore, brass filings. 
2 Organic additions used for increasing weight or bulk ; such as 
previously infused leaves, and leaves othei than those of the tea 
plant, as slow, elder, willow, &c 3. Adulterants used for im- 
parting fictitious strength, by increasing the astringency or deepen- 
ing the colour of the infusion , as catechu, sodium carbonate, borax 
4 Facings and coloui mg materials, as steatite, prussiau blue, indigo, 
turmeric, graphite, &c 

The practice of facing tea, formerly very common, is now con- 
fined to ceitam kinds of green tea, especially gunpowder, and the 

1 By section 5 of 11 Geoige I cap SO, the adulteration of tea by tenajapomqa 
(catechu), leaves other than leaves of tea, or any other mgredients whatever, 
was punishable by foifeituie and a fine of £ 100. By section 11 of 4 Geoige II. 
cap 14, a penalty of £10 was imposed for the sale of every pound of tea which 
was mixed, coloured, stained, or dyed with teira japomca, sugar, molasses, 
clay, logwood, or with any other ingredients or materials whatsoevoi 
3 On May 9, 1891, W. Cobden Samuel, the chief chemist m the Custom 
House Laboratory, lepoited that 437 samples had been analysed dining the 
year 1890, viz. — 84 samples green faced tea, 10 green not-facod tea, 96 green 
caper tea , 1B4 black congou tea , 64 black dust tea , and 29 samples of sifting s 
Of these, 884 samples weie found on analysis to be satisfactory. Of the lemain- 
mg 58 samples, lepresentmg 516 packages of doubtful and unsound teas, 1 
sample, lepresentmg 5 paolcages, was admitted to home consumption , 41 
samples, representing 301 packages, were restricted to expoitation, owing to 
the presence of exhausted leaves, damage, oi othei causes within the Act , 8 
samples, i epresenlmg 189 packages, weie refused admission, as unlit foi human 
food , and 8 samples, lepresentmg 71 paolcages, wore on analysis found to ho 
teas that had previously been impoi ted, and ordeied to be oxported They wore 
this year reimported and relabelled as new season’s teas This fact, with the 
analysis, was reported to the Board of Customs, and the whole of the paroel of 
71 packages was ordered to be seized tinder the Merchandise Marks Act 
3 Tins statement does not apply to all countries. As recently as 1888, 
"Wanda and Wioiogorski described vanous adulterations they had met 
within teasold m Warsaw Bulcowski and Aleksandiow mtliesamo 
year found as much as 40 pel cent of ash in tea, and a considerable propoition 
of brass filings m one sample 
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mineral additions for increasing weight or bulk no longer include 
(so far as the United Kingdom is concerned) considerable pro- 
portions of magnetic iron oie, &c , as was formerly the case 

For the detection of mvneial adulteiants, and to obtain ceitam 
other knowledge, the tea shonld he ignited, and the proportions of 
ash soluble iu water and acid determined In practice this is best 
effected by igniting 5 giammes of the tea, m its oidmaiy com- 
mercial condition, m platinum, at as low a temperature as possible. 
Wien the carbon is burnt off, the ash will have a distinct gieen 
colour, owing to the formation of manganate The ash is weighed 
and boiled with water, the solution filtered, and the residue 
washed, ignited, moistened with ammonium carbonate, very gently 
ignited, and weighed The diffeience between the weight now 
found and that of the total ash gives that of the asli soluble m 
water 1 The insoluble ash is nest boiled with strong hydrochlouc 
acid, the solution diluted with hot water, filtered, and the insoluble 
residue washed, ignited, and weighed It consists of extraneous 
siliceous matter, such a9 sand, fiagments of quartz, &c, and in- 
soluble silicates, buch as steatite from tlie facing of gunpowder tea 
If titanic non sand bo present, some of it will almost ceitamly 
remain undissolved, and present the appearance of jet-black 
magnetic pai tides 2 

The solution ol the nsh soluble in water should he titrated with 

1 If piefcncd, tlio weight of the soluble ash cun he ftecei tainud dnectly, by 
evaporating the solution and weighing the i endue 

3 The adulteiation of tea with magnetic matter, formeily (iu the expeuonoe 
of the nuthoi) very common, is now appaiently noaily obsolete, a deal pioot that 
the mmeial adimxtmes weio not due to accidental causos Magnetic matter 
is best detected by ledueing 10 ginmmos of the tea to powdoi and sproadiug it 
in a thin layer on a sheet of smooth paper A magnet oi electio-magnet is 
then applied to tho undei-side of the papoi and moved laterally, with its poles 
m contact with the paper Any magnetio matlei may thus bo laadily drawn 
out and separated fiom tho tea. It is next boiled with water for a few minutes 
to detach adherent mganic particles, and the water decanted Tho residue is 
then dried and weighed, and examined nndei tho miciosoopo as an opaque 
object, If it consists of magnetic oxide or titanate of non, crystalline faoets 
will piobably be appment, tho bnlk of the object having a jet black colour 
Metallic iron would, be distinguished fiom the foiegomg fenuginous minerals 
by its solubility m modeiatoly stiong mtno acid (sp gi 1 2) with evolution 
of red fumes, and by its preoipitatiug metallic copper irotn a warn and slightly 
acidulated solution of cupno sulphate 

The weighing of the mattci actually extracted by a magnet is fai moie 
satisfactory than the estimation of tho iron existing m the tea Tea naturally 
contains a small propoition of iron, but it only amounts to about 3 per cent 
of the weight-of tlie ash, or about 0 18 per cent of the entne tea Of course 
ths iron in this form is not affected by a magnet, the use of which has the 
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methyl-orange or litmus and standaid acid, the volume used being 
calculated to its equivalent of potassium oxide (1 e c of ^ acid 
= 0 00471 gramme of K 2 0) 

The analyses of a very large numbei of teas show that the pro- 
portion of soluble ash and its alkalinity vary with the age of tho 
leaves, the figures yielded being highest with young leaves and 
teas of high quality. The total ash of absolutely pure tea raiely, 
if ever, exceeds 6 per cent , hut somo licence must be allowed m 
dealing with commercial samples Hence m 1874, the Society of 
Public Analysts suggested 8 per cent as the maximum limit of 
total ash allowable in tea, of which not less than 3 per cent, should 
be soluble m water. These figures lefer to tea pieviously dried at 
100°, and as the proportion of water usually lies between 7 and 
8 per cent,, the corresponding limits for tea m its ordinary com- 
mercial condition will he 7 40 and 2 77 per cent respectively 

Somewhat more recently (1875), G W Wignei ( Pharm . 
Jour , [3], vi 262, 281) obtained the following avorage lesults by 
the analysis of sixty-seven samples of commercial tea taken from the 
original chests Tho samples embraced forty-one of ordinaiy 
character, eighteen special teas of high price, and nine samples of 
caper "Wigner regarded and described these last as “genuine,” 
and they woie clearly free from any large proportion of mineral 
adulterants, but the author strongly questions whether any specimen 
whatever of caper tea really deserves the description of “ genuine ” 



advantage of extracting the iron m the form m which it actually exists, and 
production in court if necessaiy. 

In 1873 and 1874 the anther fioipiontly found fiom 6 to 8 per cent of 
magnetic matter in caper tea, and at that time the use of the magnet for its 
detection was well known to, and habitually praotised by, the trade. 
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The ash of these sixty-seven samples of tea had the following 
average composition . — 



■T ames Bell {Foods, 1 29, 31) has published figures agreeing 
with those of Wigner The proportion of soluble ash in genuine 
teas analysed by Bell ranged fiom 2 8 to 4 2 per cent (calculated 
on the moisture-free tea), the proportion being usually between 3 2 
and 3 6 per cent In one instance only did the soluble ash fall 
below 3 pei cent , and m that case the deficiency was very trifling, 
the proportion being 2 97 per cent The alkalinity of the soluble 
ash of the teas examined by Bell ranged from 1 30 to 1 91 per 
cent of K 2 0 In only one ease did the total ash reach 8 per cent., 
while the insoluble siliceous matter exceeded 1 per cout m a few 
instances only Bell’s results are fairly m accordance with the wide 
experience of the author (see Ohem News, xxix. 107, 189, 22 1). 1 

1 The following results of partial analyses of average samples of commercial 
black teas, as ordinarily imported, have been communicated to the author by 
M J Sheridan, Assistant Chemist m H.M Customs Lahoiatoiy The 
figures refoi to the undned tea — 
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In certain cases a high soluble ash does not indicate a high 
quality of tea This happens when the ash contains a notable pro- 
portion of sodium chloridej owing to the tea having been damaged 
by sea-water and rodned. The ash of pure tea contains only a 
trifling proportion of sodium, less than 2 per cent, and the 
chlorine does not exceed 1 1 per cent., equivalent to about 1 8 
of sodium chloride, representing 0 108 per cent of the weight 
of the tea Wigner (Pharm. Jour., [3], vi. 403) found 3 08 
per cent, of sodium chloride in tea which had been a foitmght 
under sea-water and completely soaked, and 0*1 7 and 0 23 m 
samples which had been slightly moistened. 

Previously infused or exhausted leaves are among the adultera- 
tions of tea most difficult to detect,- especially when present only 
m modeiate proportion The' sophistication of tea in. tins manner 
was formerly extensively practised m England, the exhausted 
leaves being treated with gum or other matters, and rolled and 
redried so as to resemble genuine tea 1 

The treatment of tea with hot water necessarily results m the 
removal of certain of the ash-constituents, especially the potassium 
salts of organic acids Hence the exhausted leaves will contain a 
smaller proportion of total ash, and especially of ash soluble in 
water The extent of the change produced by infusion will, of 
course, depend on the perfection of the exhaustion. The author 
found in a mixture of infused leaves from various teas 4 30 of 
total ash, of which 0'52 per cent was soluble m water James 
Bell ( Analysis and Adulteration of Foods, i 29) gives the follow- 
ing figures obtained by the analysis of the ash of tea-leaves which 
had been infused m the ordinary way for domestic use, and after- 
wards redried at 100°- — 



bread and kindled shops, now so numerous m London, aie legularly 
VOL. m, PART XL 2 K 
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The total ash of the foregoing samples averages 4'38, and the 
solulile ash 0 73 per cent 

Exhausted tea-leaves are also indicated by the deficient extract 
(and consequently high insoluble matter) and low proportion of 
tannin 1 As alieady stated, the yield of extract depends materi- 
ally on tlie condition of the tea, more complete extraction of the 
soluble matters being effected when the powdered tea is used 
than when the exhaustion is effected on the leaves m their commer- 
cial condition For the purpose of detecting adulteration, the 
powdered tea should always be used, or the results will not be 
fairly computable 

The detoinnnation of tho total extract and insoluble matter of tea 
is best effected by boiling 2 giammes of the tea m a stale of powder 
with 100 c c of water for one hom The liquid is hlteied while 
hot, the losidue boiled again with 50 cc of watei, and the process 
repeated as long as colouring matter continues to be extracted, the 
liquid being poured thiough the filter previously used 2 After 
cooling, the decoction made up to 250 c c , or othei convenient 
measuie, and an aliquot part (one-fiftli) evapoiated to diyness for 
the determination of the extract The filter and its contents 
should be dried at 100°, and the insoluble matter detached and 
weighed. Very constant results are thus obtainable 

Hie minimum propoition of extract yielded by genuine tea 
exhausted m a state of powder was fixed by the Society of Public 
Analysts in 1874 at 30 pei cent Assuming the presence of 7 5 
pei cent of moisture, this leaves 62 per cent for the maximum 
propoition of insoluble matter This figuie covers almost all legiti- 
mate \ auctions in tea, and is considerably in excess of the propor- 
tion yielded by gieen tea, the insoluble matter from u Inch averages 
42 per cent , while m black teas the average is only about 50 per 

bought up anil redned , and the leaves of the tea infused by tea-tasters aie 
systematically preserved and sold for the same purpose. 

1 J M Edei obtained the following figuies by the analysis of teas adul- 
terated with exhausted leaves puichased m small shops m the suburbs of 



2 The decoction of some teas filters very slowly, and it is necessary to strain 
the liquid through fine muslin instead of filtering it through paper, 
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cent In the case of old-leaf Congou teas containing much, stalk, 
and which have been stored for some time, the extract may occa- 
sionally fall to 30 per cent, corresponding to 62| per cent of 
insoluble matter In judging a tea by the proportion of extract 
or insoluble matter, it is veiy desmable, when possible, to take into 
account the character of the sample Thus young leaves (which 
are to some extent indicated by their size) yield a notably higher 
extract than fully grown or old leaves, or specimens containing 
a considerable proportion of stalk 

G W Wigner has recorded the proportions of extiact yielded 
by a sample of tea m powder when boiled with different quantities 
of water In each case the tea was boiled with the water under a 
reflux condenser for one hour, the decoction cooled, filteied, and 
evaporated to dryness 

A 1 part of tea in 200 parts of water yielded o4 10 rer oent of extiact 
B „ „ 100 „ „ 

C „ „ 60 „ „ 

D „ „ 20 „ „ 

£ Exhausted leaves from expt D in 20 
parts water, 

3? „ 1. „ 

O „ „ 1? „ 

Even aftet four boilings with 20 parts of water, the tea was not 
completely exhausted Hence Wigner preferred to determine the 
extract by boiling the powdered tea once, for one hour, with 100 
parts of watei, instead of repeatedly exhausting with smallei quan- 
tities Operating m this manner ho obtained proportions of extiact 
ranging from 26 15 to 4485 per cent , the average being 35 70 per 
cent, containing 4 63 of ash 1 

The detei initiation of tannin in tea. affords valuable information 
respecting the probable presence of previously infused leaves or 
extraneous tannin matters, such as catechu This is best effected 
m the aqueous decoction obtained by exhausting the sample with 
boiling water, as required for the deteimmation of the extiact 
The tannin may he estimated byH R, Procter’s modification 
of Lowenthal’s process, as described m Yol III Pait I. page 
110 A volume of the above decoction, corresponding to 0 04 
gram m e of tea, may be taken for the original titration with perman- 
ganate , and of the decoction deprived of tannin a volume coirespond- 

1 The ash of the soluble extract of tea always exceeds by a considerable 
amount the proportion of tea ash soluble m watei, doubtloss owing to the 
piesenoe in toa of soluble salts of calcium and magnesium with organic acids, 
which salts on ignition are converted into caloxum qaibonatc and magnesia, 
and thus become insoluble m watai. 
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mg to 0 - 080 giamme of tea. The tannin of tea is stated by some 
chemists to be gallotamnc acid, and by others to be identical with 
that of oak-bark The leduction-equivalent of the latter is almost 
identical with that of crystallised oxalic acid, so that the weight 
of this substance coriespondmg to the volume of permanganate 
decolonsed gives without calculation that of the tannin present. 

The process of fermentation to which black tea has been sub- 
jected undoubtedly causes modification of the tannin, with foima- 
tion of daik-coloured insoluble matter. The authoT found that 
a tincture of green tea precipitated tincture of ferric chlonde bluish 
black, like nut-galls, while the tincture of black tea gave a green 
colour with iron, just as catechu does. 

A modification of the permanganate process, which appears to 
possess some advantages for the examination of tea, lias been 
described byP. Dvorkovitch (Ber , xxiv. 1945 , Jour Chem 
Soc, lx 1302), who aims not only m estimating the tannin but 
also the proportion of fermentation-productb formed in the process 
of fermentation to which black tea has been subjected For this 
purpose he treats 10 grammes of finely-powdered tea with tlnee 
successive quantities of 200 c.c. of boiling water, five minutes 
being allowed for each digestion The lesiduo is then boiled twice 
with 200 o c. of water, or until the last extract is almost, if not 
entirely, free from colour, when the decoction is diluted to 1 litre. 
Forty c.c. of this solution is then diluted to 600 cc with water, 
and treated with 25 co of indigo-carmine solution 1 and 25 c.c. of 
dilute sulphuno acid (200 grammes of H 2 S0 4 per litre). The 
liquid is then titrated with a standard solution of potassium per- 
manganate (containing appioximately 2 6 grammes per litre), and 
of such strength that 130 cc are equivalent to 100 cc of deci- 
normal oxalic acid (6 3 grammes crystallised acid per litre). The 
mode of adding the peimanganate is important, and Dvorkovitch 
recommends that in the titration of the mdigo-carmme 18 c.c. 
should ho added at the rate of 2 to 3 drops per second, and the 
remainder at the rate of 1 drop per second j and that, in the titra- 
tion of the tea solution mixed with indigo-carmine, 23 c.o. of the 
permanganate should first he run in, the addition continued at the 
late of 2 to 3 drops per second, and finally 1 drop per second 
added until the reaction is complete. If more than 38 c.c. be 
required, a small quantity of tea infusion should he ■ used. To 
estimate the fmnentation-pi oducts, t 80 c.c. of the tea infusion is 
mixed with 20 c c. of baryta- water (containing 4 grammes of baryta 

1 Prepared by mixing 50 grammes of pure mdigo carmine paste with water, 
adding 60 grammes of snlphnrio acid and 1 litie of water, filteung, and dilut- 
ing till 26 c.c, 'require 20 c.c of the atn.dald ti:ihiai.g.unto foi owl .it on 
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por 100 c c.), the liquid filtered, and 50 cc. of the filtrate (repre- 
senting 0 4 gramme of the tea) diluted with 500 c c, of water, 
mixed with 25 e.c. of dilute sulphuric acid and 25 of the mdigo- 
carunne solution, and titrated with permanganate. 18 cc should 
he run in first of all, then 2 or 3 drops per second added, and finally 
1 drop per second till the end of the reaction. The volume of 
permanganate required, less that reduced by the indigo solution, 
represents that required for the oxidation of the fermentation- 
products of 0 4 gramme of tea. According to Dvorkovitch, the 
joint weight of tannin and fermentation-products is obtained by 
multiplying the weight of oxahc acid equivalent to the measure of 
permanganate required for their oxidation by 31 3, since 63 
grammes of oxalic acid correspond, according to Dvorkovitch's 
experiments, to 31 3 grammes of tea-tannm (as compared to 62 3 of 
quercitannic acid !). Employing this process, he found from. 8 84 
to 10 55 per cent of tannin, and from 0 90 to 1 88 of fermentation- 
products, m teas of the first crop of 1890; and he concludes that 
the higher the proportion of caffeine to the total amount of tannin 
and fermentation-products, the more valuable is the tea. 

The Lowenthal process distinguishes the tannic acid from the 
small quantity of gallic acid also present m tea, bub as the astringent 
character of the infusion is due to both these substances, a method 
which will estimate the total amount of astringent matter, without 
distinction of its nature, is m some respects preferable to a piocess 
that gives merely the amount of tannin, while lgnormg the gallic 
acid Such a process was devised by F. W. Fletcher and the 
author m 1874 (Ohm News, xxix, 169, 189), and was based on 
the precipitation of the tea infusion, by lead acetate, and the use 
of an ammoniacal solution of potassium femcyanide to indicate the 
complete precipitation of the astringent matters In practice, 5 
grammes of neutral acetate of lead should be dissolved in distilled 
water, and diluted to 1 litre, and the solution filtered after stand- 
ing. The indicator is made by dissolving 0 050 gramme of pure 
potassium femcyannle m 60 cc. of water, and adding an equal 
hulk of strong ammonia solution This reagent gives a deep red 
coloration with gallotannic acid, gallic acid, or an liitusion of tea 
One drop of the solution will detect 0 001 milligramme of tannin, 
or 0 001 gramme dissolved in 100 cc of water In carrying out 
the process, three separate quantities of 10 cc. each of the standard 
lead solution should be placed in beakers, and each quantity diluted 
to about 100 cc with boihng water. A decoction made fiom 2 
grammes of powdered tea m 250 co of water (the same as is used 
for determining the extract) is added from a burette, the first trial 
quantity receiving an addition of 12, the second 15, and the third 
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IS ec,, or if gieen tea lie under examination, 8, 10, and 12 cc 
may lie preferably employed Portions (1 cc) of these trial 
quantities are passed through small filters, and the filtrates tested 
with ummoniacal ferocyanide solution 

The approximate volume of tea decoction required is thus easily 
found, and after repeating the test neaily the requisite measure can 
he at once added. In tins case about 1 c c. of the liquid should 
he removed with a pipette, passod through a small filter, and chops 
of the filtrate allowed to fall on to spots of the indicating solution 
previously placed on a porcelain slab. If no pink coloration is 
observed, another small addition of the tea decoction is made, a 
few diops of the liquid filtered and tested as before, and this pro- 
cess lepeated until a pink colour is observed The greatest delicacy 
is obtained when the drops of filtered solution aie allowed to fall 
directly on to the spots of the indicator, instead of observing the 
point of junction of the liquids 

The volume of tea solution it is necessary to add to 1 00 c.c of pure 
water, m order that a drop may give a pink reaction with the mdicator, 
should be subtracted from, the total amount run from the burette 

The foregoing piocess is simple, and gives very concordant 
results, hut the repeated filtrations requisite for the observation 
of the end-reaction aro apt to he tedious It is difficult to obtain 
pure tannin for sotting the lead solution, and hence it is preferable 
to abandon the attempt and make pure lead acetate the starting- 
point The author found that 10 cc. of the lead solution would 
precipitate 0 010 gramme of the piuest gallotaiuuc acid he could 
obtain Hencp, if all the weights and measmes above mentioned 
be adhered to, the number of c c of tea decoction inquired, divided 
into 125, will give the pcicentage of tannin anil othei precipitablo 
matte is m the sample The proportion found in nndned black tea 
by F W Fletohei and the author ranged fioiu 8 6 to 11 6 per cent , 
with an average of 10 per cent A sample of brown catechu tested 
by the lead process gave a result corresponding to the presence of 
119 per cent of tanmn (me). (See idso page 491 ) 

Another simple method for the deteimmation of tannin is that, 
of J M Ed er (Dmrjl Polyt Jour, ccxxix. 81), which consists 
m precipitating the boiling decoction of 2 grammes of tea with 
excess of a 6 per cent solution of cupric acetate The precipitate 
is separated by filtration, washed, dried, and ignited. Tho resultant 
cupnc oxide, CuO, can be moistened with nitric acid, le-igmted and 
woighed as such , or rc-ignited with sulphur m a closed crucible, 
and thus converted into an. equal weight of non-hygroBcopic cuprous 
sulphide, Cu a S The weight obtained, multiplied by 1 305, gives 
that of the tannin precipitated. The method is said to give 
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results correct to within 0 2 to 0 3 per cent. ; but any pectous 
bodies should, he previously separated, if present in quantity, by 
piecipitation with alcohol By this method Edei found an average 
of about 10 per cent of tannin m twenty-five samples of black 
tea, and 12 to 12£ m green and yellow tea. S. J ank o, by the 
same process, found from 6 9 to 9 1 per cent of tannin m black 
tea (eighteen samples), and 8 6 to 9 9 m gieon. Cupric acetate may 
he extemporised by mixing a solution of cupric sulphate with excess 
of sodium acetate 

C M Caines (page 491) obtained results by Eder’s method 
closely agreeing with those yielded by the same samples with the 
lead process, and hence the proportion of gallic acid m tea is 
probably very insignificant. 

In the case of caper and he teas, the astnngency is often very high, 
owing to an admixture of exti aneous tannin matters, but the 
evidence of the presence of such additions affoided by the determina- 
tion of the tannin of tea is, of couiso, meiely inferential Strong 
infusions of genuine tea, with the exception of some kinds from 
India, are generally quite clear, and do not become muddy on 
cooling Tea adulteiated with catechu gives an infusion which 
quickly becomes turbid on cooling. More direct pioof of the 
presence of catechu may be afforded by the following test devised 
by the author, which, however, should always he applied to the 
suspected tea side by side with a genuine specimen . — One gramme 
of the pure tea and an equal weight of the suspected sample are 
infused m 100 cc. of boiling water, and the strained liquid pre- 
cipitated while boiling with a slight excess of neutral lead acetate 
Twenty o c of the filtrate fidm pure tea (which should be colorn- 
less) when treated with a few drops of silver nitrate solution (avoid- 
ing excess), and cautiously heated, gives only a very slight greyish 
cloud or precipitate of reduced silver , but the same tea containing 
2 per cent of catechu (purposely added) gives a copious brownish 
precipitate, the liquid acquiring a distinctly yellowish tinge With 
a somewhat larger proportion of catechu, the filtrate from the lead 
precipitate gives a blight green colour on adding one drop of 
dilute feme chloride, while the solution of puie tea gives only a 
slight reddish colour due to the presence of acetate On allowing 
this liquid to stand, the adulterated tea gives a precipitate of a 
gieyish or olive-green colour, the pure tea undergoing no change. 

These tests, which depend on the properties of catechuic acid, 
together with the excessive proportion of astringent matters (as 
shown by the lead process), render the detection of any consider- 
able proportion of oatechu tolerably certain, hut a means of 
effecting small additions is still a desideratum. 
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Catecliu is usually introduced m the forms of caper and lie tea, 
hut appears to have been sometimes added in a separate state, to 
impart additional “roughness” or to cover the presence of ex- 
hausted leaves 

Gaper is a name applied to tea which has been made up into 
small glossy granular masses by the aid of gum or starch Some 
years ago the caper tea from the Canton district was invariably 
adulterated with sandy and magnetic matter, and often with 
catechu or other extraneous astringents, together with foreign 
leaves. 1 Notwithstanding the conviction of Wigner and some 
other authorities that genuine caper tea exists, the author believes 
it to be invariably a factitious article 

Lie tea is the name given to a fraudulent mixture consisting of 
sweepings and dust of tea and other leavos, mixed with clay, sand, 
iron ore, &c., and made into irregular masses by means of gum or 
starch When put into hot water, lie tea disintegrates and falls 
to powder. The iodine test for starch may be applied aftoi acidi- 
fying the cold liquid with sulphuric acid, and decolorising with 
permanganate. The ash of lie tea is sometimes as high as 30 to 
40 per cent > 

The insoluble matter and extract of he and caper tea are very 
variable, hut the former, exclusive of mineral matter, is usually 
considerably below the proportion yielded by genuine tea The 
gum 2 in caper tea often amounts to 15 or 20 per cent., while the , 
soluble ash ib often less than 2 per cent 
The following figures show the results to he expected from the . 
analysis of factitious tea . — 


01)531X61', 
Description, . 


i, Boll. | 
“ Mnltloo mixture ” 


J it Mer 
Blaok tea 


A B Hill 
Green tea 




Magnetic and sandy matter, 
Soluble Ash, . 

Alkalinity, at K s 0, . 


(Catechu detected) 


1 At the present time (August 1893), Canton capers are frequently loaded 
with from 3 to B pm; cent of sand, &o,, but they mely appeal m the home 
matket, hemg stopped by the Customs, or purposely imported for future ex- 
portation (M. J. Shoridan). 

s The gum is determined by concentrating the aqueous decoction of the tea 
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The following analyses of samples of spurious tea, received from, 
the TJ.S. Consuls at Canton and Nagasaki, are by J P Bafcter- 
shall (Food Adulteration, page 28). No. 1 consisted of partially 
exhausted and retired leaves known as “ chtng suey ” (clear water), 
a name apparently referring to the character of the infusion. 
Ho. 2 was a sample of “lie-tea” made from wampan leaves Ho 3. 
was a mixture of 10 per cent Of gieen tea with 90 per cent of_ 
lie-tea, sometimes sold as “Impenal” or “Gunpowder” tea. 
No. 4 was a sample of “scented caper,” consisting of tea-dust 
made up into little shot-like pellets by means of “ Congou paste ” 
(boiled rice) • — 



Logwood is mentioned by Eder as an adulterant of tea To 
detect it, he steeps the tea m cold water If logwood be present, 
the resultant solution is changed to a bright green on adding a 
little sulphuric acid, and to blickish-blue by a solution of neutial 
chromate of potassium 

Facings and colouring materials were formerly almost invariably 
present in green tea, 1 the object being to impart a hue demanded 
by custom but not naturally possessed by the leaf Colouring 
matters have been extensively employed for transforming black 
tea of low quality into superior green. 

In the case of Roberts v. Egeiton, heard before tbe Court of 

almost to an extiact, treating the residue with Btrong spirit, and filtering 
and washing with spirit, The precipitate is unsed off the filter with hot 
water, and the solution evaporatod to dryness at 100° The residue is 
weighed, ignited, and the ash weighed The loss is regaided as “gum," 
but ib liable to be m excess of the truth fiom the presence of albuminous 
matters 

1 It is a fact well known to the trade that foi many years a certain firm of 
tea merchants used some method of removing the faorng aftei the amval of 
the tea in tins country 
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Queen’s Bench in 187 4, Mr Justice Blackburn decided that the facing 
of gieen tea with gypsum and piussuui blue was an adulteration, 
because natural gieen tea could be obtained witliout such means. 1 

If a faced tea be examined under the microscope as an opaque 
object, the nature of the facing matenals may often be recognised. 
On treating a faced tea with warm water, the colouring matters 
become detached, and the small portious using to the surface may 
he floated on to a glass slide and at once examined under a micro- 
scope, while the bulk of the facmg is obtained as a sediment when 
the stiamed liquid is allowed to staud 3 

Foi eiffii leaves m tea are legitimately present in small proportion 
(1 to 3 per cent.) to impart bouquet, 3 hut huger admixtures can 
simply be regarded as due to adulteration Sloe, elder, and willow 
haves have been (formerly) met with in England as adulterants of 
tea. 4 Among the recently-found leaves added abroad, and stopped 
by the Customs, are those of Ghloiantlius tnconyncuus, Camellia 
sasangm, Em i/a Chmensis, and sloe 6 In the recognition of foreign 

1 The teas consumed by the Chinese and Japanese themselves aie not faced. 
Accoidmg to Y Kozai the maximum piopoition of faung m tlio gieen tea 
of Japan is abont 0 4 per oont 

1 This deposit often has a distinctly greenish oolom fiom the presence of 
Prussian blue or indigo Indigo may ho recognised by its behaviour with mtno 
acid Taman bine is best detected by warming the sediment with caustic 
alkali, filtering, strongly acidulating the flltinto with hydrouliloiio acid, filter- 
ing again if nocossaiy, and testing the clear liquid tor farracyauulo with famo 
eldoiide On treating the sediment with the alkali it is suie to turn brown, 
but tins change mast not be rogauled as an indication of the picseuoo oi Prus- 
sian bluB The residue left after tieatment with tho caustic alkali should bo 
ti oated with hydroohlouo acid, when the insoluble poition will usually consist 
of steatite or other magnesian silicate, the use of which gives tho tea a peouhai 
smooth appeaianco and slippery foul Oaluum sulphate Is often employed for 
facing tea Capei tea is often glazed with graphite Turmeiia lias been 
detected by some obsemrs, but in the experience of the author the yellow 
colouring matter has generally been of a ferruginous natuie. 

8 As a rule, the odouferons leaves are not allowed to remain m the tea, but 
having imparted their chaiactemtic fiagtanca to the tea are removed previously 
to paokmg, 

4 Fiom the result of a parliamentary inquiry held in 1835, it appeared that 
upwaids of four million pounds of factitious tea weie annually prepared in this 
country from sloe leaves, and used to adulterate China tea. Up till within a 
fewyeais of that date this illicit practice was oarued on aeuetly, but subse- 
quently a patent was obtained for the preparation of Butish leaves as a substi- 
tuts for tea, aud an extensive manufaotory was established foi this purpose 
The industry was ultimately suppressed, and a large quantity of the product 
burned. 

6 In 1888 Wenda and Wiorogorski found m the teas sold In Warsaw 
various foreign leaves, which they identified by their anatomical characters. 
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leaves in tea, chemistry cannot he expected to play a very active 
pait, though it sometimes affords very useful indications Thus 
A. Wynter Blyth has pointed out {Analyst, u. 39) that a 
crystalline sublimate (which he believes to he theme) is obtainable 
from a single leaf of tea For this purpose he boils the leaf foi a 
minute in a watch-glass with a very little water, adds an equal bulk 
of calcined magnesia, and evaporates the mixture 1 apnlly to a large di op, 
which is tiansfened to a microscopic eoveiing glass and evapoiated 
nearly to dryness on a heated iron plate It is then covered by a 
ling of glass, and when the moisture is nearly duven off a second 
3lip of glass is added as a cover At a somewhat higher tempeia- 
ture theine volatilises, and on examining the deposit on the 
covering under the microscope may be Tecogmsed by its ohaiactei- 
lstic appearance Other leaves than tea may give a crystalline 
sublimate, hut if no sublimate is ohtamed the leaf cannot he a 
product of the tea-plant. 

A "W Blyth has also proposed to utilise the constant presence 
of manganese m tea-leaves as a means of recognising them If a 
single tea-leaf he ignited m platinum, and the ash taken up in a 
head of sodium caihonate contained in a loop of platinum wue, on 
ronielting the flux after a minute addition of nitre the green colour 
of the sodium manganate will be distinctly lecogmsablo Or a 
minute quantity of nitre and carbonate of sodium can be at onco 
added to the ash on the platinum foil, when on fusing the mixture 
a distmot green colour will he ohtamed if manganese ho present 

The author has found manganese m the leaves of Camellia Tina 
(tea), Camellia Japonica, Camellia sasangua, Cofea Aiabma, beech, 
blackheiry, and sycamore. Manganese was absent from the leaves 
of the hawthorn, ash, laspberry, cherry, plum, and rose , and only 
faint traces were detected m the leaves of the IZee Paiaguay ensis, 
elm, birch, lime, sloe, elder, willow-heib, and willow 

For the detection and identification of foreign leaves m tea, the 
botanical and micioscopical cbaiacters are best fitted. Some of 
the sample to be examined should be put into hot water, and 
Among the leaves recognised weie those of Epilolnm anguiti/olium, oiliench 
willow-hell), which. formed the great pait of the “tea” sold in ceit.ua 
localities They also fonnd the leaves of Epilohium lamttum (gloat willow- 
heihj, Uhnut, camipestns (elm), Pruaus spinosa (sloe), Fiagana vesta (straw- 
ben y), Fuaeuma execlswr (ash), Samlmcus mgia (eldei), Horn canmu (dog- 
rose), and Files nigrum, (black currant) The infusion of willow-heib is darker 
than that of tea, and gives apieoipitate of mucilage on treatment with alooliol. 

An article known m Enssia as “ Karpai tea” also contains an admixture 
of the leaves of Epilohium angushfohum Two samples examined by J. 
Nikitinsky m 1885 yielded 7 87 and 10 ( I8 per cent of ash, six repre- 
sentative genuine teas yielding fiom 5'60 to 6 87 per cent 
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■when the leaves have unfolded they are spread out on a glass 
plate and held up to the light, when. With the aid of a lens, the 
venation, serration, &c , can he readily observed A valuable aid 
to the examination consists m treating the leaves with a solution 
of sodium hypobromite, or, as suggested by A Wynter Blyth, a. 
strongly alkaline solution of potassium permanganate. In using- 
the reagent, the leaf should be enclosed between two microscopic 
cover-glasses, a weight being placed on the upper one to keep it 
m position. On heating the leaf with the reagent, action at once 
commences, the colouring matter being first attacked and sub- 
sequently the cell-membranes. When the actiou is sufficiently- 
advanced, the leaf is removed, washed, and immersed in hydro- 
chloric acid, which leaves the leaf as a translucent white membrane 
in which the details of structure can be readily observed J Bell 
removes the skin of the leaf by immersing it m "water containing 
a few drops of nitric acid,” and giadually heating to the boiling- 
point, when the skin rises in blistois, and may be readily lemoved. 
by a oamel’s-hair brush 

The primary venation of the tea-leaf consists of a series of well- 
defined loops, which' are not met with in most leaves likely to be 
used as adulterants. The serrations are not mere saw-teeth on the 
margin of the leaf, but actual hooks. 1 The serration stops shoit 
abruptly at some distance from the base, The Assam tea-leaf is 
sometimes biserrate At the apex of the tea-leaf there is a distinct 
notch, instead of a point The epidermis of the under-surface is 
seen under the microscope to consist of distinct sinuous cells, with 
numerous oval stomata, and a few, long unicellular hairs 2 3 On the 
upper surface the stomata are less numerous If the under surface- 
of the tea-leaf be examined under the microscope after separation of' 
the cuticle, the peculiar and characteristic space between the twin 
cells of the stomata may be readily peiceived 

T Tayloihas pointed out the presence of "stone cells” in 
the leaves of tea and CaineUia Japonica, and confirms the observar 
tons of Blyth as to the absence of these formations m the leaves 
of the willow, sloo, beech, ash, black-currant, raapbeny, and Rev 
Paraguaijemis Taylor prepares the leaves for examination by 
boiling them m a strong solution of caustic potash or soda, 

1 The serrations are very stiongly marked on matuie leaves, but are indis- 
tinct 01 almost wanting in the 'delicate leaf-buds wluoh constitute “floweiy 

pekoe,” 

3 Tea-hairs are oomeal, pointed, slightly bent towards the base They have- - 
very thick walla, and the central duob usually contains granular matter, 
Numerous hairs are observable on young tea-leaves, but on old leaVss they are- 
sometimes wholly wanting 
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In the leaf of tlie blackthorn or sloe ( Primus communis 
or P. spinosa ) 1 the serratures are direct incisions, numerous, often 
irregular, and extending to the base. There are no spines. The 
cells of the epidermis are not sinuous, and are much smaller than 
those of tea, especially on the ‘under surface The cells on the 
upper surface are striated The stomata of the sloe-leaf aie smaller 
and less numerous than those of tea The hairs are shorter -and 
coarser than those of the tea-leaf, are marked m a peculiar manner, 
and have a club-shaped enlargement at the base 

The leaf of the elder ( Sambucus nigra) is more pointed than 
that of the tea-plant, and the lobes are unequal at the base The 
•serrations are direct incisions. The midriff has hairs on it, and on 
the leaf itself there are two distinct kinds of hairs — one, a short, 
spinous hair, and the other jointed and club-like 

In the leaf of the willow (Salve alba ) the serrations 
much resemble those of tea, but the cells of both the upper and 
under epidermis are much smaller than m tea, and the walls are 
not sinuous. The hairs, which are very abundant on both sides of 
the leaf, are long, unicellular, and sinuous The elongated form of 
the willow-leaf and the chaiacter of the venation also distinguish 
it from tea 

The appearance of the leaf of the hawthorn ( Oiatcegus 
monogym and C. oxyacanlka) is well known. The cells of the 
epidermis are mostly quadrilateral, with very sinuous outlines, 
-especially on the under surface The stomata are oval or nearly 
round, large, and numeious. 

The leaves of the beech ( Fagus sylvattca ) are ovate, obscurely 
dentate, with parallel venations lunmng right to the edge 

The leaves of Ohloranthus inconsjpicuus are long, oval, serrated, 
wrinkled, with venations running nearly to the edge, and there 
by their intersection forming little knots which give the margin 
of the leaf a very rough feeling The cells of the epidermis are 
very large, and the stomata oval and rather numerous 

The leaves of Camellia sasavqua are oval, only obscurely serrate 
if at all, and of a tougb leathery texture The lateral veins are 
meonspiouous Both the upper and lower epidermis show a 
peculiar dotted or reticulated structure, and the lower is studded 
With numerous small oblong stomata. 

, The leaves of Lithospermum officinale (the common gromwell) 
have been extensively used in Bohemia for adulterating tea. They 
1 A speoiraen of aloa leaves gathered early m September gave, after drying, 
the following results (m the author’s laboiatory) —Moisture, 6 ’40 pel cent , 
insoluble matter (oh whole leaves), 65 90 , tannin (hy gelatin), 10 00 , gum, 
&o., 8 90 , total ash, 8 '74 , and ash soluble in water, 4‘70 per cent. 
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are lanceolate, with a hairy under-surface, are destitute of alka- 
loid and essential oil, contain about 9 per cent, of fat and 8 of 
tannin, and leave about 20 per cent of ash on ignition {Jour. 
Chem Soe, xl 131). 

The general appearance and venation of tea, and leaves which 
have been, or may possibly be, employed for its adulteration, .ue 
shown by two plates at the end of the volume (page 572) The 
illustrations aie life-size reproductions, by tho collotype process, of 
photographs of leaves, taken hy J T Stevenson i£ the author’s 
laboratory 

A Wynter Blyth has pointed out tlw characteristic appear- 
ance of the “skeleton-ash” loft on igniting leaves from 
different sources The leaf to bo examined lb placed between two 
circles of microscopic cover-glass, the upper one weighted with a 
silver com, and the whole ignited cautiously m a flat platinum dish, 
or on platinum foil Before the carbon is completely consumed 
the heat is discontinued, aud the skeleton-asli examined under the 
microscope. 

Mate. Paraguay Tea. 

Mate 1 orYorba consists of the prepared twigs and leaves of 
Hex Paraguayensis, or Brazilian h oily 2 3 

Byasson found in cai-guacu, the commouest kind of mate, 
consisting of the large and old leaves with twigs and fragments of 
wood — Caffeine, 1 85 per cent , a substance resembling bird- 
lime, fatty and colouring matters, 3 87 ; complex glucoside, 2 38 > 
resin, 0 63 , mineral matter, 3 92 , and an undetermined propor- 
tion of malic acid. 

Some fresh leaves of Hex Paraguayans is, grown in Cambridge 
Botanical Gardens, wero found in the author’s laboratory to contain 
69 1 per cent of water An analysis of the same leaves after 
drying at 100“ C. showod — Insoluble matter, 57 94 ( = hot- water 
extract, 42 06), tannin by-PbA^ 15 62 , tannin hy CuA g , 
16 66; caffeine, 1 13, total ash, 614, soluble ash, 3 56, alka- 
linity of soluble ash (as K 2 0), 0T2 per cent. 

A. "W. Hofmann found m mate 0 3 per cent of caffeine and a 
variety of tanmn identical in every respect with that present in tea, 

1 Tha woid mote is not Accented, as sometimes wntton, but it Bhould be 

pronounced as two Syllables, 

3 Vanoiie allied species aie recognised, but Hex Pai aguayenm appeals to 
be tho only one cultivated. It has been grown m Spain, Poitugal, and Capo 
Colony, in addition to its native habitat. At the present time it is used by 
about 12,000,000 of people, the annual consumption m the Argentine Republic 
alone being twenty-seven million pounds. 
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P If Arata found the tannin of mate to be analogous to but not 
identical with that of coffee On dry distillation he found it to yield 
resorcinol as well as catechol Caffetannic acid he regaids as dioxy- 
pai'acinnamytoc aud, and xnatetannic acid aa bolongmg to the group 
of Oxyphenylpropionic acid Soubeiran and Delondre 
state that mate contains the same essential constituents as the 
coffee-leaf, and in greater proportion than the coffee-seeds This 
conclusion is confirmed by Theodore Peclrolt m a valuable 
resume of the subject ( Pliaim Jour , [3], xiv 121), including 
some elaborate proximate analyses of mate 

The aromatic pnnciple of mate has not been isolated, hut by 
dry distillation a volatile oil of phenolic charactei is obtained 
The ash of mate resembles that of tea in containing a notable 
pi oportion of manganese 

The leaves of the Topon (Ilex caserne), a shiub oi small tree 
growing on the coast of Vuginia and Carolina, have been used as a 
hcvoi age 1 P P Venable ( Ghem News, hi 172) found m 
an an-dned sample’ — Moisture, 1319, water extiact, 26 55 , 
tannin, 7 39 , caffeine, 0 27, and ash, 5 75 per cent The ash 
contained manganese. 

Coffee . 2 

Commercial coffee consists of the seeds of Goffea Aialnca and 
allied species belonging to the order Cinckonacece 8 The coffee- 
ttee is a shrub-like plant cultivated m various tropical countries. 
The best coffee that reaches England comes from India, Java, and 
Ceylon. A little “Mocha” coffee comes from Aiabia, hut the 
1 Although the leaves of tea, coffee, and Biazilian holly are almost the only 
ones known to contain caffeine, a heveiaga is piepaiod from the leaves of many 
other plants in vauons paits of the world Thus, Catlui edulis, a shrub 
related to tlio spindle tiee, is extensively cultivated m themtenor of Arabia, and 
the leaves, known ns Eli at, Cafta or Aiabian tea, are nsed both ns a beverage 
and foi chewing Fa hum, oi orchid tea, is made from the leaves of 
Angraxwmfmgi ans, growing in the Mauritius, and some years since was mtio- 
duced into Pans os n legulai article of commeice The Arab o, a substitute 
for tea whioh has boon sold m Pans, consists of the small leaves of lai onychia 
m geniea, a plant gi owing on the slopes of the Atlas Mountains B a t o u m 
or Trebizonde tea is made from the leaves of Vuceimum uidoUapliylos, 
a plant closely allied to the oianbeny Cape tea and Bush tea are 
described in the footnote on page 503 ICarpei tea is desenhed on pago 623 
3 Pi onoli , leCafi German, der Kqffce 

8 Three species of Coffca, distinct from each other, aio now grown — 1 Tha 
Ai nimn or Mocha eoffec-plant has shoit upright blanches, with a brittle leaf 
and seeds usually single m the bemes 2 The Jamaica coffee-plant hears 
longer and more pliable bianohos than the Aiabian, has a toughei leaf, aud 
the seeds are almost always double in the bernes. 3 Tho East Indian or 
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greater part from India Biazil at the present time furnishes 
.about one-half of the world’s supply of coflee 1 

Commaille (Momt. Sclent , [3], vi 779) gives the following 
as the chemical composition of undressed Mysore coffee : — Moisture 
{from 24 samples), 6'3 to 15'7 per cent., fatty matters, 1 2*68 ; 
glucose, 2 60 , legumm-casein, 1 52 , albumin, 1 04 , caffeine, 0'42 
to 1 31 , and ash, 3 88 per cent 

0 Levesie { Arch Fharm., [6], iv 294; Jour Client. Soc,, 
xxxi 752) obtamed the following range of figures by tbe analysis 
of seven typical samples of raw coffee . — 


Caffeine, 

Gummy matter, 

Pat, . 

Taumo and caffetannic adds, 
Cellulose, 

Ash, . 


0*54 to 1 63 per cent. 
20-6 „ 27 4 ,, 

14-76 ,, 21-79 „ 

19-6 ,, 28 1 „ 

29 9 „ 86-4 „ 

8‘8 „ 49 „ 


J Bell (Analysis and Adulteration of Foods, i. 43) gives 
the following analyses of typical samples of raw and roasted 
coffee . — 


Bengal plant has smaller loaves than the Jamaica coffee, and very small 
hemes The Libenan coffee-plant (Caffea Libenen) appears to be a distinct 
species, which is little subject to disease, and has been successfully introduced 
into the East Indies 

The coffee fruit usually, but not always (soe above), contains two twin seeds, 
Which touoh each othei on the flattened suifaoe These are contained m a 
pulp which is removed by water and a proooss of fermentation j and the 
membranous penoarp (technically termed 11 parchment”) which incloses each 
seed is lemoved by i oilers and winnowing. 

Tile parchment from coffee-berries is imported to England in considerable 
quantities, and, when toasted, is said to foim an ingredient of the beverage 
sold in cheap coffee shops 

An analysis of unroasted “parchment,” made in the author’s laboratory 
by 0. M. Gaines, showed it to contain .—Water, 9 48 ; essential oil, 0 068 ; 
caffeine, 0-27 , hot-water extract, 1-81 , total ash, 10 41 , and soluble ash, 
0 "19 per cent. A somewhat coffee-like aioma was developed by roasting 

It is stated that the Arabs m the neighbourhood of Jedda discaid the kernel 
of the coffee berries and make an infusion of the husks {Fharm. Jour,, [31, 
xvii. 668) 

1 In Australia, an infusion of slightly roasted coffee-leaves is chunk in the 
same manner as tea. Its taste suggests at once that of tea and tobacco. The 
leaves, when burnt or roasted, exhale' a powerful odour of tobacco, and the 
smell of the condensed vapours strongly suggests that of tobacoo-juioe, 
0 Hsh'ner, who has analysed the leaves ( Analyst , iv. 84), found only 0 '29 
per, cent of caffeine. 
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Mooha Coffee 

East Indian Coffee 

Baw , 

Boasted 

Baw 

Boasted. 

Mojature, . ... 

8 98 

0 6S 

064 

1 18 

Caffeine, , 

103 

'82 

111 

1 06 

Saooharlno matter. 

9 56 

43 

8 00' 

41 

Caffeio amds, 

3 46 

4 74 

0 58 

4 62 

Alcohollo extract, containing) 
nitrogenous and colouring j 

6 00 

1414 

4 81 

12 07 

Fat and oil, , . . ] 

12 60 

I8 60 

1181 

13 41 

Xeguinln and albumin, . . 

987 

1128 

11 '28 

13 13 

Dextrin, 1 

87 

124 

84 

1 88 

Cellulose and Insoluble colouring! 
matter, / 

37 96 

48 02 

38 60 

47 42 

Aah, . ... 

3 74 

4 66 

8 98 

488 


100 00 

100 00 

100 00 | 

100 00 


Bell believes the sugar of coffee to be a peculiar species, possibly 
allied to melezitose G L S p e n c e r, on the other hand, has 
definitely proved that the carbohydrates of coffee consist very 
largely of sucrose, which he has isolated m considerable quan- 
tities There is likewise present a body which yields galactose 
on hydrolysis, as also a pentose-yielding gum 

Gaotetanuio Acid, C 1b H 18 0 8 , called by Payen chlorogemc 
acid, exists in coffee-berries m the proportion of 3 to 6 per cent , 
probably as a calcium or magnesium salt, oi, according to Payen, 
as a double caffetannate of potassium and caffeine. It is prepaied 
by diluting an alcoholic infusion of coffee with water, filtering from 
precipitated fatty matter, and precipitating the boiling filtrate with 
lead acetate 1 On decomposing the washed precipitate with 
sulphuretted hydrogen free caffetannic acid is obtained It forms 
, a yellowish- white powder, or groups of colourless mammillated 

l W. H Krug determines eaffetanmo acid as a lead salt Ho treats 2 
grammes of coffee with 10 o.o of watei, and digestB for 86 hours, then adds 
26 o c of rectified spirit, and digests 24 hours more The liquid Is filtered, 
the residue washed with rectified spiut, and the filtrate heated to the boiling- 
point, A tolling concentrated solution of lead acetate is added, which throws 
down a precipitate of Ph B (Oi B Hi 5 0 8 ) 2 . When this has become flocculent it is 
filtered off, washed with alcohol till the washings are fiee from lead, washed 
with ether to remove traces of fat, dried at 100°, and weighed 
VOU. HI. FABT II. 2 Ii 
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crystals It is very soluble m water, less soluble m alcohol, and 
only very sparingly m ether Caffetanmc acid has an astringent 
taste, and the solution stiongly reddens litmus It gives a daik 
green coloiation with ferric chloride, and precipitates the sulphates 
of quinine and cinchonine, but not gelatin, feirous salts or tai tar- 
emetic It reduces silver nitrate on heating, fonuing a metallic 
mirror. The salts turn green m the air. 

On dissolving caffetanmc acul m caustic alkali or ammonia, and 
expusing the solution to the air, the liquid acquires a bluish-green 
colour owing to the formation of the oxidation-product, v 1 r 1 d 1 c 
acid, which is an amorphous brown substance, very soluble in 
water to form a solution which is turned green by alkalies It 
gives a bluish-green precipitate with baryta-water, and a blue with 
lead acetate Vindic acid dissolves m concentiated sulphuric acid 
to form a crimson solution, which on dilution with water gives a 
flocculent blue precipitate. 

On prolonged boiling with caustic alkalies, caffetanmc acul is 
split up into a sugar and caffeic acid, GgHgO^ winch 
crystallises from the neutralised liquid and has the constitution 
of a dihydroxy-cmnamio acid By fusion with caustic potash, 
caffetanmc acid yields piotocatechuio and acetic acids. Heated 
alone it gives catechol 

Roasting os Coffbb During the process of roasting, the 
aroma of coffee is developed and the toughness of the beans 
destroyed, so that subsequent grinding is facilitated If the roast- 
ing be msuffieicnt, the rawness is not dcstioyed and the flavour 
not fully developed, while if over-roasted, the product has a 
nauseous empyreumatic flavour 

When roasted to a yellowish -brown, coffee loses, according to 
Cadet, about 12 £ per cent of its weight, and 111 this state is 
difficult to gimd When Toasted to a chestnut-brown it loses 18 
per cent, and when it becomes entirely black, though not all 
carbonised, it lias lost 23 per cent. In practice, the loss of weight 
m roasting coffee is between 12 and 20 per cent (of which about 
8 per cent represents water removable at 100° C ), and if the 
latter figure is reached, the product is injured. According to 
Watson Will, the usual yield of roasted coffoe is about 98 lhs 
from 1 cwt of raw berries This corresponds to a loss of 1 2 5 per 
cent 

Korn g found that on roasting coffee-berries to a light blown 
the total loss of weight was 17 77 per cent , of which 8 66 was 
water and 911 per cent, organic matter The original coffee con- 
tained 1119 pei cent of moisture, and after roasting, still retained 
319 per cent. Eliminating this extraneous water fiom the results, 
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Aeeoidmg to P a u 1 and C o wn.1 e y ( Pharm . Jour , [3], xvn. 
655, 821) there is no appreciable loss by volatilisation of caffeine 
during the roasting of coffee, unless the process is carried to excess 
But Paul admits that the water condensed m the place leading from 
the roasting often contains some caffeine, which he considers has 
been probably earned over mechanically ( Pharm Jour , [3], xvn. 
821). Watson Will (ibid., page 684) states that he has 
ne\ ei failed to find caffeine in tlie sublimate obtained m coffee- 
roasting. 

The chemistry of the roasting of coffee has been studied by 0. 
Bernheimer (Monatsh, Ghem, 1 . 456, Jam Gheni Soc , xln 
230), who roasted coffee till it had lost about 25 per cent of its 
weight 1 2 The uncondensible vapours consisted chiefly of carbon 

1 Paul points out that the caffeine exists in coffee in the form of caffetannato, 
■which compound will not suffer decomposition at the oidmary tempeiature of 
roasting. Considering the great facility with W’luch salts of caffeine undeigo 
decomposition, this statement seems to require confiimation 

a Fifty kilogrammes of coffee yielded 5 litres of aqueous distillate and 680 
grammes of solid matter floating tlieieon. On agitating this with ether, fatty 
acids, quinol and caffeol were extracted, while oaffeme, acetic acid, methyl- 
amme and tnmethylamme remained m the aqueous liquid On evaporating 
the ethereal solution, and fractionally distilling the residual dark, coffee-smelling 
oil, a few drops of an acetone-like liquid passed over, followed by a little acetic 
acid and watei Between 200” and 300° caffeol distilled, and above that tem- 
perature palmitic and other solid fatty acids On neutralising these and the 
200°-300° faction with sodium carbonate, a viscid daik oil was thrown down, 
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dioxide, and by passing them through dilute hydrochloric acid 
a resinous substance having the appearance of pyrrol-red was 
deposited. Among the solid and liquid bodies volatilised, Bern- 
heimer found . — Palmitic and other solid fatty acids 1 , 0 48 per 
cent , caffeine, 0'28 pei cent ; caifeol, 0 05 per cent , besides 
water and acetic acid. Qumol, pyrrol, acetone, metbylamme, and 
trimethylamme also occurred as secondary products 

Oaffeol, C a H 10 O 2 , is an oily liquid smelling very strongly of 
coffee, and no doubt is the substance to which the aroma of 
roasted coffee is due It may be obtained by distilling roasted 
and powdered coffee with water, shaking the distillate with ether, 
and evapoiatmg 

Caffeol boils at 196°, and is not solidified by a freezing mixtuie. 
It is not sensibly soluble in cold water, to which, however, it im- 
parts its characteristic odour It is slightly soluble in hot water, 
very slightly in aqueous potash, and with great facility in alcohol 
and ether The alcoholic solution gives with feme chloride a red 
coloration, said not to he destioyed on adding sodium carbonate. 
By fusion with ca'ustic potash, caffeol yields salicylic acid, and, 
according to Botsch ( Monatsh Ghem, n 621, Jour Ghem, 
Soo., xln. 174), is isomeric with methyl-salicyl alcohol, the two 
compounds having the following constitution : — 

d 9 H 4 (0 CH g ) CH a OH C 6 H 4 (OH).CH 2 . OCH s 

Methyl anHcyl alcohol Caffeol 

Paul and C own ley (Pharrn Joui , [3], xvn 822) found 
that on infusing coffee m six times its weight of boiling water, 
about 88 per cent of the caffeine passed into solution Three fluid 
ounces of such an infusion contained 2 36 grains of caffeine As 
the medicinal dose of caffeine is from 1 to 6 grams, a cup of coffee 
may he expected to have a marked effect as a stimulant 

The dietetic value of coffee is possibly dependent as much upon 
the presence of caffeol as on that of caffeine. According to M. 
F a r g a s, the effect of caffeol on the heait’s action is the opposite 
to that of caffeine, and increases the strength and rapidity of the 
pulsations 

According to Couty, Guimataes, and Nioboy (Oomph 
Rend , xeix 85) coffee diminishes the activity of the simple com- 
bustions which pioduce carbon dioxide, but increases the fOrma- 

which was separated from the aqueous solution of soap and washed with water 
containing a little caustic alkali This dissolved out qninol, which was isolated 
by acidulating the washings and extracting with ether The viscid oil, con- 
sisting of unpuxe caffeol, was dried by calcium chloride and fractionally dis- 
tilled, when the greater part passed over between 19B° and 197°. 
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toon and. excretion of urea, and the assimilation of meat and other 
nitrogenous foods It is a complex aliment which renders the 
organism capable of consuming and destroying larger quantities of 
nitrogenous substances, and hence may he regarded as an indneet 
source of available energy 

Com m ercial coffee is subject to a variety of sophistications, both 
in the form of berry and after grinding. So far as the United 
Kingdom is concerned, the majority of the frauds formerly practised 
are obsolete, or nearly so, but certain illicit practices subsist 

Coffeb-bermeb vary considerably m size and character accord- 
ing to their origin. 1 * * The following table shows the number of 
seeds required to fill a 60 c.c. measure (Thorpe’s Diet, Applied 
Chem . , 11 578). — 


Fine blown Java, . . 187 

Fine Mysore, . . .198 

Fine Neilgherry, . . 208 

Costa Eioa, . 208 

Good ordinary Guatemala, 207 
Good La Guayro, . . 210 

Good average Santas, 21S 

Fme long-beny Mocha, , 217 


Good ordinary Java, . . 228 

Fme Ceylon plantation, . 225 

Good average Rio, . 2 86 

Medium Ceylon planta- 
tion . . . .238 

Manilla 248 

Oidmaiy Mooha, . . 270 

West African, . . .313 


\ — 4 - -- J - T T* • J J ( Bull Soc. Chim., xlvu 601), raw coffee 
\ ■ . 1 'by sea-water is sometimes washed, de- 

Goiomeu witn rune- water, again washed, dried rapidly, and coloured 
either by sbght roasting or by dyeing with azo-oranges. By 
such manipulations, green Santas coffees are said to he increased 
25 per cent in value, and made to pass for Java growths E 
Waller states that South Ameiican coffees are often exposed 
to a ,high moist heat, which changes their colour from green to 
brown, m imitation of Java coffee. He found coffee-berries coloured 
with Scheele’s green, yellow ochre, chrome-yellow, burnt umber, 

l Wost Indian coffee-berries are regulai m size, pale yellowish, firm and 
heavy, with a fine aroma, and. they lose comparatively little on roasting. 
Brazilian coffee is larger, less solid, greenish or white, and nenally dossed 
as “low"or “low middling.” Javanese coffee beiries are smaller, slightly 
elongated, light, and deficient in aroma and essential oil. When new, Java 
coffee is pale yellow, and of less value than when old and brown The deeper 

coloui is due to ouring os well as age It has been artificially colouied. 

Ceylon produces all desonptions of coffee, but the ordinary plantation 

coffees aro even-coloured, slightly oanoe-shaped, strong in aroma and flavour, 
heavy, and more susoepiable of adulteration than the other kinds Genuine 
Mooha coffee is small and dark yellow in colour, and considered of the 
highest quality. 
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Venetian red, &c Wlion possible, such facings should be 
detached by agitating the berries with cold water and examining 
the sediment Organic colouring matters can be detected by 
soaking the berries m alcohol, which is not coloured by genuine 
coffee On evaporating the alcoholic solution to dryness, and taking 
up ,the residue m watei, a solution will he obtained which will give / 
the characteristic reactions of the coal-tai dyes. t 

The specific gravity of twenty-four samples of genuine raw - 
coffee-berries was found by Pad4 to range' from 1 368 to 1 041, 
while the density of the same samples, after roasting m the oidmary 
manner, varied from 0 635 to 0 500. Raw coffee which is lighter 
than water may he suspected of having been damaged by sea-water 
or other means, and subsequently washed and improved m colour 
by partial roasting 

The specific gravity of coffee-berries is ascertained by Pad 6 by a 
special apparatus described in his paper In the case of unroasted 
coffee, the gravity can be readily observed by immersing a few of 
the hemes m saturated brine, which is then diluted with water 
till the coffee remains suspended m the liquid, the specific gravity 
of which is then taken With roasted coffee, the bnne must be 
replaced by the very lightest gasolend, the density of whioh can he 
increased if necessary by the gradual addition of ordinary kerosene 
Another plan of ascertaining the specific gravity of coffee-berries is 
to introduce as many as possible into a tared 60 c c flask or other 
vessel of known capacity The weight is then ascertained, and 
the flask filled to the mark with mercury. The weight is again 
observed, when the increase will he the weight of mercury required 
to fill the interstices between the berries — 

Weight of berries in grammes x 13 69 „„ „„ A , 

(Measure of vessel mit x 13 B9) - weight of interstitiul “ ® 

merouiy 

AceoidingtoJ Komg (Zeitsch angew Ghern , 1888, page 680) 
coffee is often roasted with an addition of glucose-syrup, which 
makes the decoction look stronger, and causes the hemes to hold 
an additional 7 per cent, of water. 1 L. Pad 6 states that roasted 

1 Coffee so treated, yields fiom 6 to 8 per cent of Boluble matter on agitation 
with cold water, while ooffee roasted without sugai yields fiom 4 to 6 per cont 
only. In the formei case, Fehlmg’s solution indicates from 1 to 1$ pel cont. 
of reducing BUgar, against 0 2 to 0 5 in genuino ooffee. Stutzer and 
heitnair detect glucose by violently agitating 20 giammes of the coffee- 
beans with 600 c.c. of water foi five nunutes. The liquid is further diluted 
to 1000 c c aud 50 o e of the filteied liquid evaporated to dryness at 100°. 

The dry residue is weighed, ignited, and the ash deducted. Puie roasted 
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coffee-beans can be made to take up nearly 20 per cont of water by 
steaming them and ooatmg them with glycerin, palm-oil, or vaseline 
to prevent evaporation The specific gravity of the berries is theieby 
raised to 0 650-0 770, and hence is sensibly above 0'635, which is 
the maximum figure for genuine roasted berries 

VanHamcl Boos (Seme Intm n des Falsifications, May 1 5, 
1891) has called attention to an ingenious method of sophisticating 
coffee-berries. A sample examined by him had the micioscopic 
structure of genuine coffee, but showed an almost entire absence 
of fat globules, and gave an ether-extract of less than 1 per cent 
(instead of 12 to 14). Boos suggests that the hemes had been 
used for preparing coffee-extract, and then re-roasted with addition 
of a little sugar 

As a coating for coffee, T. W M o o r e has patented (Eng Pat, 
5038, 1889) a mixture of milk or condensed nnlk, ground or 
powdered glue, “ liquid glycerin,” and refined lard, with the addition 
m some cases of bicarbonate of soda, fine salt, and vinegar I 

Imitation cofee-ben ies weie formerly manufactured of fiic-clay 
These were mixed with genuine berries and roasted with them, 
when they absorbed some of the colouring matter and oil, and so 
remained a close imitation. On breaking such spurious homes the 
colour would be seen to be principally on the exterior The 
determination of the total ash and silica would at once lead to the 
detection of such a fraud 

In 1860, Messrs Duckworth of Liverpool took out a patent for 
moulding chicory into the form of coffee-bemes, and quite recently 
several kinds of factitious coffee-beans have been described. 

A factory for the manufacture of imitation coffee-berries on the 
scale of 40 to 50 klogrammes daily was lecently seized at Lille by 
the Fiench Government It appeared m evidence that the com- 
position of the pioduct was — Chicory, 16 kilogrammes , flour, 36 
kilogrammes , feirous sulphate, £ kilogramme. 

Factitious coffee-beans recently seized m Boumama consisted of 
coffee-giounds, chicory, and peas. 

In America there are several firms which extensively manufacture 
imitation coffee-beans and “ coffee-pellets ” These preparations 
usually consist of wheat-flour, chicory, bran, and occasionally 
coffee. Samples pnichased and examined by the chemists o £ 
the U.S. Department of AgncuUxne gave the following re- 
sults : — 

coffee slious fiom 0 44 to 0 72 per cant of soluble oiganiemattei, and gives a 
solution only faintly coloured , but if roasted mtk sugai or glucose the organic 
extract ranges from 1 81 to 8 '18 per cent, and the liquid is moio or less 
strongly coloured 
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FACTITIOUS COFFEE-BEANS. 


Appearance 

Specific 

Gravity 

Composition. 

Boosted beans, 

Boasted beaus. 

Boasted pellets, 
Boasted pellets, 
Boasted pellets, 

Baw beanB, 

Boasted beans, 

XigM colomed beaus, 
DtuK coloured beans, 
Boasted beans, 

Boasted granules, 
Boasted lamps, . 
Boasted granules, , 

1196 

1198 

1110 

1 103 

1211 

1174 

1184 

1118 

Wheat-flour 

Wheat flour, coffee, and chicory 
“RuustKaffee 11 Wheat Horn, ooffee, and chicory 

j- Wheat flour, bian, and probably rye. 

Wheat-flour and coffee 

Wheat-flour 

| Wheat-flour and probably sawdust, 

’ Wheat flour 

Hulls ot peas, with molasses 

Brau and molasses 

Tea hulls and brau 


A W. Rehnstrom (Eng Pat , 14,970, 1889) has described 
a substitute for coffee prepared by boiling down whey or milk in a 
vacuum to a pasty consistency, forming the product into cakes, 
drying it below 100°, cutting it into pieces the size of coffee-beans, 
and roasting 

L Jhunnes, in 1891, examined a factitious coffee consisting 
of acorns and cereals 

. An imitation coffee examined by J. Konig (Zeitech. angew. 
Qhem , 1888, page 680) closely resembled real coffee in appearance, 
but all the berries were precisely the same shape. Under the 
microscope, wheat-starch was detected, and Konig concluded that 
the 'article consisted of roasted wheat dough of low quality 
E. Fncke (Zeitsah angew. Qhem., 1889, page 310) has described 
a factitious coffee containing caffeine, and apparently made fiom 
lupine-seeds (compare page 644). K Por tile (Cfhem. Qentralhl , 
1890, page 136) has described factitious coffee-beans sold under 
the name of “Kunst Kaffee.” The following were the compositions 
of the samples referred to above . — 



Portble 

Kbmg ■ 

Prlcke. 

Moisture, 

Pi‘oteids, 

Fat, 

Star oh, sugar, gum, &c , . 
Cellulose, ' * . 

CaffeiUQ, 

1 16 per eent I 
13 33 „ 

3 88 ’ 1 

84 01 

W88 ; 

00? 

3'68 ,j 

6 14 per oent 

1076 „ 

70 70 " 1 

3 00 „ 

1 20 ' „ 

(Analysed fcfter dry- 
i»S> 

17 00 por cent. 

2 03 „ 

10 83 *’* 

0 84 J; 

101 83 per cent 

100 00 per cent. 

100-00 per cent 

Matter soluble in watei, j 

21 53 per oent 

28-28 por cent 

24 86 per cent 


RWolffenstein (Zettsoli. angew , Qhemie, 1890, 2STo 3) has 
described two varieties of factitious coffee, respectively known in - 
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Germany as Domkaffec and Allerwelthaffee. Both preparations 
were entirely destitute of caffeine One consisted practically of 
chicory, while the other contained large quantities of lupines. 
From the latter specimen 'Wolffenstem isolated a brown colouring 
matter having the spectioscopic and chemical characters of 
Oassella-b'i own. It was soluble in alkalies and m water, hut was 
completely precipitated from its solutions by hydrochloric acid. 
Fourteen grammes of the Bample extracted with water and pre- 1 
cipitated with acid yielded 1 67 gramme of the colouring matter (1). 

Factitious coffee-beans are, with very rare exceptions, heavier 
than water, while genuine roasted beans are invariably lighter, 
unless much over-roasted. In taking the specific gravity, twenty 
beaus should be immersed in brine, which is then diluted with 
water till ten of the beans float and the remainder sink. The 
result shows the average density , but individual factitious beans 
often vary considerably from the mean. 

In genuine coffee-beans a portion of the fine membrane or 
“ parchment ” with which the berries were invested will almost 
always he found adhering m the cleft. The micioscopie structure 
of the bean, as seen m a thin section, or of the powder affords 
a certain means of recognising its nature Most factitious beans 
oontam starch, which is entirely absent from genuine coffee 
'Chicory and other roots are readily recognisable by the microscope 
The methods used for the oxammation of ground coffee may also 
be applied. 

Dangway beans, the seeds of Cassia tora or G oociclentalis , 
abundant rn British Burmah, have been prepared and patented as 
a substitute for coffee (Eng. Pat., 15,564, 1888) In Germany, the 
ground and . roasted seeds have been sold under the name of 

Mogdad coffee,” and it is said that a smaller propoition than 
20 per cent, m coffee cannot be detected either by the taste or the 
appearance of the sample. Dangway beans leave about 10 per 
cent, of ash on ignition, and have a charactenstic micioscopie 
appearance which has been described and illustrated by A. 
Wynter Blyth (Food , Composition and Analysis) They smk 
very rapidly m watei and colour brine more intensely than do coffee 
beans DangWay beans contain a tannin distinct from eaffetannic 
acid. They are destitute of caffeine, hut 0. Hehner has de- 
tected a minute quantity of some other alkaloid 

The use of Mussaenda Borbonica seeds, to he mixed and loasted 
with coffee-beans or entirely substituted for them, has also been 
patented (Eng Pat, 14,945, 1888) 1 

1 Investigations at Kow Gardens show the supposed Miissmula seeds to bo 
really those of Gcsrtnera vagmata. They oontam no caffeine. 



COMMERCIAL CHICOR?. 


Tlie beans of a species of Phaseohw are reported by E Pricke 
to be roasted, ground, and sold as “ Congo coffee ” Tbs berries 
are very large — 214 filling a 100 cc measure — and of shining 
black colour The infusion is very astungent and contains no 
caffeine or other ciystallisable alkaloid. 

To distinguish lupine-seeds fiom coffee-beans, Hager tioats 
3 grammes of tbe powdered sample with 20 c.c of water and 
filteis aftei half an houi The filtrate from genuine coffee will 
be feebly yellow and not taste m the least degree bittei, while 
in the presence of lupmo-seeds a inaikcd bitter taste will be 
observed 

Ground Coffee Besides the foregoing sophistications and 
substitutions of the coffee-bean, ground coffee is liable to various 
adulterations 1 Some of these can he tolerated when practised in. 
moderation, provided that the fact and proportion of admixture 
are duly acknowledged ; but it must he remembered that all these 
additions, includnig chicory, the least objectionable and by far 
the moat widely used, 2 are destitute of the volatile oil and 
peculiar alkaloid which give to coffee its most valued pro- 
perties. The diminished consumption of coffee m England is 
doubtless largely due to the frequency and extent of its 
sophistications. 

1 The late Dr Wm 'Wallace, writing in 1884 ( Analyst , is 42), names the 
following articles as used for adulteiatmg coffee • — Chicory, caramel, dried and 
roasted figs, dned dates, date-stones, decayed ship biscuits, beaus, peas, 
aeoni s, malt, dandelion toot, turnips, canots, paismps, and mangold-wurzel 
Damaged raisms are stated by Albeit Smith to be used togothei with chicory 
tor making French ooffee 

a Comiusiioial Chicory is piepared from the loot of Cichonum intybus, 
which is cut into slices, luln-dned, and then masted in tbe same manner as 
coffee, usually with the addition of a small proportion of tat of some kind 
The preparation and use of roasted chioory appeals to have originated m 
Holland about 1750. A Mayer ( Eied C’eniral , 1885, page 828) gives the 
following as the composition of thiee samples of Dutch ohicoiy loot — Watei, 
7 2' 00 to 77 3 per cent , albuminoids, 1 1 , fat, 0 2 , inulm and oilier non- 
nitiogenous matters insoluble in alcohol, 12 00 to 17 3 , elude fibre, 1 40 to 
1 8 , sugar, &c , 6 00 to 6 0 , bitter extiact, 0 06 to 0 15 , and ash, 1 40 to 
1 9 pci cent Mayer found the bitter substances extracted by ohlorofoim to 
be soluble in water and alcohol, insoluble m etlici, and absoibed by bono- 
chaicoal They were decomposed by boding with dilute sulphuiio acid, but 
did not by such treatment yield any substance oapablo of leduoing Folding's 
solution 

A Peteimann (Bud, Cmtial , 1883, page 843) gives the following results 
of analyses of two samples ot loasted chioory, one of which was coaisely and 
the othei finely giound The ash was somewhat higher than usual, but 
was perfectly white. The fat shown was piobably not all natuial to the 
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The chief adulterations likely to he met with m ground coffee 
are . — (1) Mineral matters , (2) roots, such as chicory, dandelion, 
turnip, (3) seeds and seed-products, such as beans, aeoins, and 
cereals , and (4) saccharine matters, such as caramel and roasted 
dates and figs 

In Bulletin Ho, 29 of the Laboratory of the Inland Revenue 
Department, Canada, the chief analyst, T Maefarlane, states that : — . 
“There are, moreover, large quantities of a substance imported 
under the name of essence of coffee, for adulterating pur- 
poses, which is a species of burnt sugar, and, from its containing 
dextrin, is probably made from some of the hye-products of the 
glucose factories. It costs in Hew York and Philadelphia from 3 to 
0 cents per lb As it possesses no organic structure it is apt to be 
overlooked m the microscopical examination It contains about 
7 5 per cent of matter soluble m water, which has great colouring 
power, and a little of it is capable of imparting a strong brown 
coffee coloiu to water ” 

Garamel , when added as such, may often be distinguished under 
a low microscopic power by the jet-black colour of the particles 
These dissolve easily m water with intense brown colour, and the 
solution has a bitter taste 

A factitious caramel is now manufactured by adding to 
glucose about one-eighth of its weight of a brown coal-tar dye, 
naphthol-brovm. 

A useful preliminary test for ground coffee consists m gently 
strewing some of the powder on the surface of cold water The 
oil contained m coffee prevents the particles from being readily 
wetted by the water, thus causing them to float Chicory and the 
chicory, as the propoition recorded is largely m excess of that found by other 
observers The watei also Is much above the usual propoition in lecently 
roasted ohicoiy (5 to 7 per cent.), and the albumonoids below the usual langc 
(8 76 to 11 50 —0. Hehnei). 
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DETECTION OF OHICOBY. 


majority of coffee adulterants contain no oil, and their caramel 
ie very quickly extracted by the water, with production of a 
brown colour, while the particles themselves rapidly sink to 
the bottom of the water 1 On Stirling the liquid, coffee 
becomes tolerably uniformly diffused without sensibly colouring 
the water, while chicory and other sweet roots quickly give a 
dark brown, turbid infusion Roasted cereals do not give so 
distinct a colour 

According to A. Franz {Anh. Pharm, [6], iv. 298), if 2 c.c. 
of a 10 pei cent infusion of coffee m boiling water be treated with 
0'3 cc of a per cent! solution of cupric acetate, and the liquid 
filtered, a greenish-yellow filtrate is obtained. If chicory bo simi- 
larly treated, a dork red-brown filtrate results, the colour of which 
changes on standing Ten per cent of the adulterant can thus be 
detected 

The colour of an infusion of chicory is said to remain unaltered 
on addition of a solution of ferric chloride or sulphate, while the 
brovra colouring matter of coffee infusion turns gieon, and is par- 
tially precipitated as bluish-green flakes In an mfusion of mixed 
chicory and coffee, the reagent forms a pieeipitate, and leavesSfche 
hqmcl more or less brownish-yellow. The deposition of the pre- 
cipitate is facilitated by tendering the liquid slightly alkaline by 
ammonia (Dingier’ s polyt Jour., ccxi. 78) 

Albert Smith ( Pharm <7bwr.,[3], xi. 668) recommends, for 
the detection of chicory in coffee, that 10 grammes of the sample 
should be boiled with 260 ce of water, and the liquid strained 
and precipitated with a slight excess of basic lead acetate, On 
allowing the precipitate to settle, the supornatant liquid will 
be colourless if pure coffee has been under treatment, but in 
prasenee of chicory will be colonred to a groater or less degree 
according to the proportion present, which can be estimated from 
the depth of tint by a process similar to that of nesslerisnig 
water. 

The three foregoing tests are occasionally of service for the 
examination of infusion of coffee when the solid article is not 
available, but they cannot be regarded as so satisfactory as the 
actual recognition of the adulterant by the microscope. 

The groat majority of seeds likely to be met with m coffee 
contain a notable quantity of starch. This is true of beans, peas, 
acorns, and all cereals and products therefrom Hence if starch be 
absent, the freedom of the coffee Horn all this class of adulterants 
is certain If piesent, the nature of the admixture can usually 

1 If a funnel be used for the above test, the sunken particles may be readily 
let out and examined under the mioioscope. ■ 
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be ascertain ed by a microscopic examination of the prepared 
sample, 1 

For the detection of starch, the author boils the coffee for a few 
minutes with about 10 paits of water When the liquid has 
become perfectly cold, some dilute sulphuric acid is added, and 
then a strong solution of permanganate of potassium chopped iq 
cautiously, with agitation, till the colouring matter is nearly 
destroyed, when the liquid is strained or decanted from the dis- 
soluble matter On now adding a solution of iodine to the 
solution, a blue coloration will be produced if any starch be 
present As little as 1 per cent can he readily detected in this 
manner 2 * * * * * 

Some operators employ animal charcoal for decolorising the 
coffee infusion before testing for starch The addition of starch- 
holding adulterants to coffee, in the author’s experience, is rare, 
hut in the United States and Canada is very common, the 
adulterants theie found including wheat-flour and bran, buck- 
wheat, barley, maize, peas, pea-hulls, &c 8 

The insoluble matter remaining after treating the coffee with 
water and decoloriBing with permanganate can be advantageously 
examined under the microscope for chicory and other non-starchy 
additions, the sfcructuie of winch is more readily observed after 
the romoval of the colouring matter. 

F. M Rimmington ( Pharni . Jour, [3], xi 529) recom- 
mends, for the removal of colouring matter, that the sample of 
coffee should he boiled for a short time with water containing a 
little oarhonate of sodium ' After subsidence, the liquid is poured 
off, the lesidue washed with water, and then treated with a weak 
solution of bleaching powder until decolonisation is effected, which 
usually occurs in two or three hours The real coffee will then 
form a dark stratum at the bottom of the beaker, and the chicory 
a light and almost white stratum floating above it, and showing a 
clear and sharp line of separation. 

1 For this purpose the ooffee should first be exhausted with ether to remove 
fat, and then tieated with methylated spirit to dissolve the colouring matter 
In the residue, the starch and other structuies will he readily perceptible 

1 A certain famous sample of coffee alleged to contain acorns gave the author 

no reaction by the above test, but aftei the addition of 2 per oent of roasted 

acorns the test showed the presence of staioh veiy clearly 

8 In 1875 a large seizure was made m the east of London of a mixture of 

10 per cent of coffee with 00 of loasted acorns Roasted acoins were first 

placed before the English public as “Pelotas ooffee,” and subsequently as 

“coffee suuogate,” hut the manufaotuie of both these pi apaiations was stopped 
by the excise. 
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TJnder the microscope, chicory is readily recognised by the 
peculiar dotted appearance of the vessels, often occurring m 
bundles, and by the charactenstic appearance of the large cells. 
Dandelion, turnips, and other sweet roots present a close similarity 
to chicory, and can only be safely distinguished therefrom by 
careful microscopic comparison of the sample with the actual roots 
in question. 

The microscopic appeaiance affoids the only coitain moans of 
identifying chicory and other roots m coffee, and the same state- 
ment applies to saccharine fruits, such as roasted figs, dates, 
raisins, &c 1 

. The nature of au adulterant of coffee having been ascertained 
by the aid of the microscope or other means, an attempt may ho 
made to deduce the proportion present from the chemical composi- 
tion of the sample. "When only one adnlteiant is present, this may 
sometimes he effected with a fair approximation to accuracy , but 
even m the case of chicory it is not always possible to ascoitam 
the proportion within a somewhat wide hunt, 2 

Dor ascertaining the propoi turns of adulterants m coffee, the 
only chemical distinctions of any practical value are- — Certain 
constituents of the ash; the proportion of fat as extracted by 
ether or petroleum spirit; the proportion of aqueous extract, 

J Printed descriptions of microscopic diameters aie of little vahio, ami 
drawings are often misleading The adulterants of coffee are best oxamined 
os transparent objects under a moderate power, and, except where staioli is to 
bo identified, by unpolarised light 

2 What can be done m this mannei , and tho errors liable to oocui m practice 
with deficient methods oi impel feet manipulation, is apparent fiom the following 
figures obtained m 1882 by various analysts to vihom exactly similai samples 
of, mixed ooffee and chicory of known composition weie submitted ( Analyst , 


Actual percentage o/\ 
Chvoo in sample, / 

10 per cent 

80 per cent 

37} par cent 

Percentage^ of Chicory 

Someiset Honed 
(Beferees), f 

Notmoiethan ii 
per rent 

Mot leas than 36 

Not less than 48 

A, 

7 per cent. 

81 poi cant 

8S per cent. 

B, 

1 .. 

33 „ 

34 „ 

0, 

6 to 10 pei cent. 

25 „ 

60 „ 

D, . 

10 pei cent 

36 „ 

17 „ 

B, . . 

Genuine 

31 „ 

60 

* ■ 1 

/Upwiucts of lo 

1 pei cent 

Upwaids of 80 per 

Upwards Df 40 per 
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a3 deduced from its weight or the specific gravity of the solution , 
the colour of the infusion, and the proportion of caffeine in the 
sample In all cases of importance two or more of these methods 
should be employed. 

A. Smeth’am ( Analyst , vu. 73) obtamed the following range 
of figures by the analysis of seven samples of roasted coffee, repre- 
senting typical commercial qualities — 


Moisture (lost at 100° 0 ), 

Oil (ether extract), 

Ciude fibre, 1 . 

„ „ m sample dned at 100®, 

Cellulose, 

Nitrogen, . . 

Total ash, 

Soluble ash, 

Ratio of total ash to soluble, . 


. 1 59 to 3 '89 per cent 

. 10 13 „ 12 IS „ 

. 70 84 „ 74 60 „ 

. 73 71 „ 75 70 „ 

26 84 „ 34 40 „ 

2 14 „ 2 38 „ 

4 08 „ 4 63 , 

3-14 „ 8 60 „ 

. 100 72 „ 100 82 „ 


The following analyses by C Kranth (Ber , xi 277, Jour. 
Ohm Soo, xsix.iv, 449) give some comparative figures for coffee 
and its more piobable adulterants Except in the oase of the last 
column, the results apply to the substances previously dned at 
100 ° •— 



1 The "crude fibre” was determined by boiling 2 giammes of the sample 
with three successive quantities of water, and washing the residue on a 
counterpoised filter till the washings were oolonrless, when it was dried at 100° 
O and weighed 




544 


ADULTERANTS OF COFFEE. 


The following analyses by Konig show the composition of 
certain adulterants of coffee — 



The following table shows the published results of analyses of 
coffee substitutes said to be manufactured respectively fimn acorns, 
rye, and barley 1 — 



Moscheles and S t e 1 z e r have recently published complete 
analyses of several coffee substitutes (Ohem. Zeit, 1892, xvi, 281; 
Analyst^ xvii. 154). One of these contained lupines (which they 
consider a very reprehensible addition), and another was destitute 

1 The "acorn coffee” was analysod by Kbmg, who found from 20 to 80 per 
cent of starch, and 8 to 8 per cent, of a variety of tanmo aoid. Tlio "rye 
coffee substitute” was prepared by Behr Bros The analyses of "barley 
coffee” are by 0 Korn an th. 
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of coffee, but contained 0*31 per cent, of caffeine, due to the 
presence of powdered kola-nut. 

1 tosh of puie coffee is generally between 3J and 4| pei cent, 
rarely, if ever, exceeding 5 per cent., and even when a considerable 
proportion of chicory is present it seldom, rises boyond 6 per cent 
Any notably higher proportion will indicate the presence of a 
mineral adulterant The ash should he white, or nearly so, any 
marked led tint indicating an added compound of non. 

The composition of the ash of coffee presents some maiked 
differences from that of chicory, as is apparent from the following 
results of analyses by H Ludwig (Arch Pharm, [3], i. 482) 
and J (lines Bell (Foods, n 46, 67) 



Ludwig found m each case a notable amount of soda, a result 
which disproves Bell’s improbable statement that this base is 
absent from coffee-osh Ludwig's figures also show an enoimous 
variation m the proportions of K 8 0, Fe 2 Oj, SO s , and C0 2 , accord- 
ing to the natuie of the , soil on which the coffee-plant is giown 1 
If the Na s O m chicoiy-ash he calculated into its equivalent of 
KjO, and the figure thus found added to the actual K 2 0, the per- 
centage is not greatly different from the proportion of potash found 

1 The sample of coffee from a gneiss soil must ha legal (led as highly abnoi mal 
In the Wide experience of the author the ash from genuine ooflee has never 
been observed to have a led colour, as would he the case with the ash of a 
r a oonsidei able proportion of lion 
I 2 M 
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by Bell in coffee-ash The pioportion of oxide of iron is notably 
greater m chicory than m coffee Hence clucory-ash always has 
a red tinge which is absent fiom the ash of genuine coffee A 
notable diffeience is observable m the proportions of C0 2 and Cl, 
and a very wide distinction m the figures for sand and silica Iu 
only one of the eight samples of coffee did the silica even approach 
0 5 per cent , and in another poition of the same coffee, which was 
properly scrooned before loastmg, tho silica of the ash fell 
to nil 

In consequence of the largo piopoition of potassium carbonate 
in coffee-ash, tho percentage of the total ash soluble in watoi is 
much greater than m the case of clucory-ash, and attempts have 
been made to utilise this fact for ascortammg the proportion of 
chicory present m mix tuies of the two. Tims the author found 
from 60 to 85 per cent of the total asli of coffee to he soluble in 
water, wheieas on an average only 34 per cent of tho total ash 
of chicoiy was soluble m water. But this proportion is gi avely 
affected by the piopoition of actual sand wlucli may he present. 
This vanes in commercial chicory fiom a tiaco np to 4 5 por cent , 
winch difference is quite sufficient to invalidate deductions based 
on the ratio of the total to tho solublo asli By comparing tho 
soluble ash with the total ash minus sand and silica, somewhat 
more reliable results aio obtained, hut at best tho method is only 
oapalde of affoulmg a rough indication of the pioportion of chicoiy 
present It may, however, serve to point to tho presence of a 
foreign mgiedient, which can then he identified and deteimincd by 
other means The following ash-analyses, by J a m e s Bell, are 
inteiestmgm this connection — 



The following centesimal figures by Way and Ogston 
refer to the ash of other roots *• 
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The fat of coffee is tolerably constant m amount, and hence the 
proportion serves as a useful indication of the amount of certain 
admixtures Thomas Maofarlane, Head Chemist of the 
Inland Revenue Department, Ottawa, informs the author that the 
petroleum-ether extract fiom previously dried coffee langes from 
10 to 12 per cent Only one sample out of nearly fifty examined 
showed less than 10, and no sample gave as much as 13 per cent, 
although 12| per cent was reached in a few instances. Chicory 
yields about 1 per cent, when similarly treated, and three samples 
of toasted barley gave from 1*81 to l - 64 per cent 

The aqueous extract of coffee is remarkably constant m amount, 
and is very little affected by variations in the roasting Instead 
of weighing the actual extraot, Graham, Stenhouse and 
Campbell {Jour Ghem Soc , ix 38) determined the specific 
gravity of the aqueous infusions of coffee and various roasted 
vegetable matters Their method was to treat the loaste’d sub- 
stance with ten times its weight of cold water, laise the liquid to 
the boiling-point, and observe the density of the filtered liquid 
after cooling to 60° F. (=16 6° C.). The following is a classified 
arrangement of their results . — 


Substance 

Specific Gravity 
of 10 per cent 
Infusion 

Substance 

Bpeciflc Gravity 

Infusion 

Cojrem — 

Mocha, 

NeilBherry, 
Plantation Ceylon, 
Java, 

Jamaica, 

Native Ceylon, 
Costa Sica, 

Costa Bleu, 
Average, . 

lEouirmous Shots — 
Lupins, 

Banns 

MISOEMANEOUS _ 

Spent tan, 

1008 0 

1008 7 

1008 7 

1008 8 

1009 0 

1000 06 

100B7 

1006 7 

1007 8 

1008 4 

10021 

Boor? — 

Chicory, Yorkshire, 
„ English, 

” Guernsey, 
Aveiaga, 

Pai snips. 

Dandelion, 

Bad beet. 

Mangold wurzol, 

CE11HAL PMDUOTS 
Brown malt, 

Black malt, 
Bjomoal, 

Maize, 

Bread lusplngs, 

10217 

1022 0 

1028 8 

1021 06 

1014 3 

10214 

10219 

1022 1 

1028 5 

1010 9 

10212 

10210 

1026 8 

1020 S 
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These results show a marked distinction between coffee, legu- 
minous seeds, and acorns on the one hand, and cereal products and 
chicory and other roots on the other Unfortunately, with the ex- 
ception of chicory and coffee, they apply merely to single speci- 
mens of each kind of substance 

Experiments made m tbe author’s laboratory gave a mean 
density for coffeo-mfusions precisely identical with that obtained 
by Graham, Stcnhouse and Campbell (1008 7) Operating as they 
prescribe, however, there is always a suspicion that the exhaustion 
is incomplete, especially m the case of genuine codec which lias 
not been very finely ground Ilenco m a series of experiments 
made , m the author’s laboratory, the sample of coffee was well 
boiled with 10 parts of water, the solution filtered, and llm lesidue 
washed with hot water till the filtrate measured 10 c c for every 
1 gramme of the. substance employed. Operating m this manner, 
the infusions from fouiteen specimens of ordinary commercial roasted 
coffee (giound m the laboratory) were found to have a specific 
gravity ranging from 1006 8 to 1008 5, with an average of 
1007 9 1 (Analyst, v 1) 

J Slcalweit has shown that the specific gravity of the 
aqueous infusion is not sensibly affected by the extent to which 
the coffee has been roasted 

By the exhaustion-process, tile author obtained the following 
results from samples of commercial chicory (undried) — 



Yorkshire Chicory, under-ioastod, .... 1025 9 

„ „ (same sample), highly roasted, 101 9'0 

Chicory of unknown origin, . 1021 '1 

„ „ 1020 0 

„ „ .... 1023 i 

Moan, . . 1021 9 


It is evident that the density of chicory infusions varies much 
more than that of coffee, a fact which pievents the method from 
furnishing more than an approximate determination of the propor- 
tion of coffee and chicory m a mixture of the two, A sliaiper 
result may be obtamed by previously drying the sample at 100°, 
1 Tins figtue is somewhat lowei than the aveiago of Qiaham, Stenhouso, and 
Campbell's experiments, which tends to show that they offeoted piactioally 
perfect exhaustion The difference is not impiohnhly due to a slight loss by 
evaporation when the infusion is mode by raising the liquid to the boiling, 
point, instead of boffing thoioughly and making the infusion up to a definite 
measnre after cooling. 0. H e h n e l has met with a genuine coffee giving an 
infusion-density of 1010 2. ’ 
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and. hence eliminating the somewhat serious error duo to varying 
proportions of moisture Adopting 1024 as the normal gravity 
of the infusion of dried chicory and 1009 as that of dried coffee, 
the percentage of leal coffee m a mixture of the two will he found 
by the following equation, whore d is the specific giavity of the 
10 per cent, infusion and C the percentage of coffee in the sample: — 

„ (1024 -d) 100 
16 

A M°6ill (Trans Royal Soc Canada, 1887) finds that the 
density of the infusions of coffee and chicory is materially affected 
hy the fineness of the powder, the time occupied m heating the 
decoction to boiling, and the time during which the boiling with 
water is continued He recommends that a weight corresponding 
to 10 grammes of the moisture-free sample should he boiled with 
100 c c of distilled water m a flask fitted with a reflux condenser 
The heat is adjusted so that ebullition commences m ton to fifteen 
minutes, and the boiling is continued exactly one hour, when the 
flame is removed, and after fifteen minutes’ rest the liquid is passed 
through a dry filter The average density of a 10 pei cent 
decoction of pure coffee thus prepared was found to be 1009’86 
at 62°, the mean number for chicory decoction (three samples) 
being 1028*21 at the same teinperature, or a difference of 18 35. 1 

' From these results the following formula may he deduced : — 

1 , 0 (1028 21 — d at 62° F,)100 

18 35 

1 Thoe. Maofarlane, Chief Analyst m tlie Inland Revenue Laboiatory, 
Ottawa, has communicated to the author the following results, obtained hy 
the application ot M°SilTa method for ascertaining the mfusion-density and 
actual determination of the soluble extract This last deteimmation waB made 
by thoroughly extraoting the dried sample with petroleum ether, and then 
treating the rednsd substance with boiling water. Instead of evapoiatmg tbo 
Solution, the insoluble matter was rednod and weighed, the loss showing the 
"water extract”' — 


1 

Water Extract 

Infusion Gravity 
at 02" E 

Modr 

Java 

Chico: 

Coffee, 

y» * 

\r 

40 

50 

60 

70 

SO 

,nt Chi 

ory, 

II 92 

26 90 

30 75 

87 40 

43 86 

40 S4 ! 

00 84 

65 98 

77 78 

1009 78 

1000 73 
101168 

1013 44 

1015 28 

1017 08 

1018 06 

1020 48 

1022 70 
1024*15 

1026 42 




550 


DETERMINATION OP CHICORY 


It is evident tliat tlie specific gravity of the aqueous infusion is 
really a function of the solid matter dissolved hy the water, and a 
close approximation to the percentage of the lattei can be obtained 
by dividing the difference between the solution-density and 1000 
by the number 0 375 or multiplying it by 2 67 1 Thus if a 
coffee-infusion have a density of 1009 0, the piopoition of mattei 
soluble m water will be 


The figures foi soluble extract obtained by T • M a c f a r 1 a u o 
(Ottawa) by the analysis of 54 samples of commercial coffee ranged 
from 21*5 to 26 5 per cent, with an average of about 24 per cent. 2 
The samples were diied at 100°, deprived of fat by treatment with 
petroleum ether, re-woighed, and then exhausted with water. 
Instead of evaporating the infusion and weighing the soluble extract, 
the insoluble residue was dried and weighed, and the loss gave the 
soluble extract A Snietham has also proposed to wash, dry, 
and weigh the insoluble mattei left on the filter 

Alfred E. John son states the soluble extract from previ- 
ously dried (roasted) coffee to he very constant at 24 per cent , 
and the extract from driod chicory to aveiage 70 per cent, 5 and 
on these figures bases the following process for tho analysis of 
coffee mixtures 

The ground coffee rs dried at 100° C. and 6 grammes weight of 
the moisture-free sample boiled for fifteen minutes with 200 c c. 
of water After settling for a few minutes, the liquid is poured off 
through copper wire-gauze or coarse muslin into a 250 cc flask. 
The grounds are boiled with 50 c c of water for five minutes and the 
liquid strained as before The contents of the flask me cooled, made 
up to 250 c.o , agitated, and poured on to a dry filter Fifty c c 
of the filtrate, rejecting the first portion (eqnal to 1 gramme of the 
dry sample), is then evaporated m a flat dish over boiling water, 


This factoi is deduced from tlie known solution densities of onramel 
and the carbohydrates. J. Skalweit {Hep Anal Ohcm , 1382, pago 227), 

as tno result of direct expcumont, gives tho following data 

At 17 6 O., 1 001 sp, gr. of 20 % mfnaion represents 0 36 extract per 100 a o. 
” 1 115 » .. „ 27 24 , 

» 1 236 .. » „ 48-25 ,, ” 

2 The purity of some of those samples was doubted, and Macfailane 
th ° ^ 

® ®hn »r found a hglitly-roasted chiaory (dnod) to give 67 1 per oent of 
soluble matter, and an mfnsion-density of 1024 4, while a lnghly-roasted Sample 
had an infusion-density of 1019, and yielded only 64 1 per oent of extract. P 
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and the residue (representing the extract fiom 1 gramme) dried m 
the water-oven and weighed Then — 


W (?^gJ« y«^ -^,p a , CBn t a g B of coffee in sample. 

The results thus yielded hy coffee and its principal adulterants 
are given on pages 543, 544 

The tinctorial power of the infusion was suggested hy Graham, 
Stenhouse and Campbell ( Jour Chem. Soc , ix 36) as 
a means of determining adulterants in coflee They found, that 
the depth of coloui of the liquid obtained hy infusing coffee and 
its adulterants in 2000 tunes their weight of boiling water varied 
remarkably, caramel giving about seven times and chicory about 
three times as deep a colour as coffee 1 But their experiments 
showed that four different samples of pure coffee varied m tinctorial 
power between 143 and 183, as compared with caramel as 1000, 
and no doubt samples of chicory would he found to present at least 
as great difference m colouring powei, according as they happened 
to he lightly or strongly roasted Nevertheless the author found 
(Chem News, xxix 140) that the tinctorial power of an infusion of 
mixed samples of chicory was almost exactly tlnee times that of an 
infusion of average or mixed coffee, and that different samples of 
chicory did not vary more than from 2 8 to 3 2 m colouring power 
when compared with the same sample of coffee In older to 
estimate the proportion of chicory in a sample of coffee mixture, a 
standard mixture should be prepared by mixing togethei several 
representative samples of genuine giound coffee with an equal 
weight of mixed chicory 2 One gramme of tins standard coffee 
mixture (containing 50 per cent of coffee), and the same weight of 
the sample to be tested, are boded for a few minutes with 20 ec 
1 The following aie the relative amounts of vauous roasted substances found 
by G[i ah am, Stenhouse, and Campbell to impart on equal depth of coloui to 
tha infusion — 


lucory (daikesfc Yorks), 2 22 I Acorns, ouu ( 

» It the standaid coffee mix tine he kept, it undeigoes a change which modi- 
[os even m a diy state, the colour of the infusion A pornmnent standard of 
lieimht tint can be made by mixing solutions of feme, cobalt, and copper 
mlphtttes in piopei piopoitions The yellowish-brown glass employed m 
□ovibond’s tintometer foi the oolonmetuc deteimmatiou of carbon m steel can 
ilso bo employed as a standaid, if its value be previously ascertained The 
tints are best obseived by placing a piece of wet filtei papei behind the tabes 


while they aTB held up to the light 
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of water The liquids are cooled and passed through a double 
filter, the insoluble portions being repeatedly boiled with fiesh 
quantities of watei till no more coloui is extracted. The solution 
of the standard mixture is then made up with water to 200 c e , 
and the solution oi the sample to 100 c c Ten. c o of this latter 
liquid is poured into a nanow graduated tube, and some of tbo 
standard solution into another tube of exactly equal bore If the 
sample consists of pure colFoe, the two liquids will now be of 
exactly similar tint ; but if chicory bo present, the solution of the 
sample will ho tho daikei, m which case watei is gradually added 
till the tints are precisely equal When this point is attained, tho 
volume of the sample solution is observed Eveiy 1 e c of water 
added represents 5 per cent of chicory m tho sample Thus if the 
liquid measure 17 o c , the sample contains 35 pot cent, of chiooiy, 
J. R Leebody (Cham Newb, xxx 243) has dosonbed a 
Similar method, but, instead of observing the colour of the solutions 
transversely, he dilutes the solution from 1 gramme of tho coffee to 
700 c c and observes the colour fiom above, as m nesslerismg water, 
The observation of the mfusion-coloui is occasionally very useful 
as an indication of the presence of caramel added as such, since in 
that ease the colour will be gieatly m excess of the proportion of 
chicory or other adulterant as deduced by other methods. 

The caffeine of coffee is tolerably constant m amount, and hence 
its determination has been recommended by Paul and G o w n 1 o y 
(Pharm Jour,, [3], xvn 566, 648, 821, 921) as means of estimat- 
ing the proportion of real coffeo in a mixture These chemists 
have shown (page 492) that most of the published methods for the 
determination of caffeine give results more or less below tho truth, 
but that when the process recommended by them is adopted the 
proportion of caffeine isolated varies within comparatively narrow 
limits. This is especially the case if the roasted berries are dried 
at 100° before grinding thorn, as by this means the error due to 
variable proportions of water is eliminated, and the coffee can he 
obtained in a finer state of division, and hence be more perfectly 
exhausted In fourteen commercial samples of coffee-berries, Paul 
and Cownley found the moisture to vary from 6'2 to 10 0 per cent. 
After drying at 100° C. the caffeine mnged from 1‘20 (m a coffeo 
from Coorg)to 1‘29 per cent (found in coffeo from several sources), 
except in Lihenan coffee, which yielded T39 per cent.’ On the 
basis of 1 3 per cent of caffeine m genuine coffee, adopted by Paul 
and Oowniey, the proportion of real coffee m a mixture will he 
found by dividing the percentage of alkaloid found mto 130. It 
would he safer to adopt the number 120 instead of 130, and in 
Using the method great care is necessary to effect the isolation of 
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the whole of the caffeine. To ensure this, the sample must he in 

- very fine powder, the exhaustion hy alcohol of the mixtme of 
coffee with lime or magnesia must he proved to he complete, and 
the agitation of the aqueous liquid with chloroform must bo repeated 
until no, more a] haloid is extracted. 

, Although, when taken alone, any one of the foregoing methods 
of examining coffee is liable to lead to determinations of the pro- 
portion of adulterants somewhat wide of the truth, by the combined 
use of several a fairly accurate deduction can he made In certain 
rare cases, additional information may bo obtained from the deter- 
mination of the fatty matteis, the alkalinity of the soluble ash, 
and the proportion of nitrogen. 

Coffee Extracts are prepared with very limited success by 
subjecting wasted coffee to treatment with boiling water or steam, 
and add,mg the volatile products to the aqueous extract The 
product is deficient in caffeine, and does not contain all the 
extractive matter of the coffee , nor, when diluted with the appro- 
priate amount of water, is the colour the same as that of the 
freshly-propaied liquid To remedy this defect caramel is added, 
together with strong alcohol as a preservative In one patent, 
addition of chicory and sugar is prescribed The following results 
were obtained hy A Domergue by the examination of six 
samples of coffee extract — 



E were coloured with caramel Domergne regards the proportion 
of caffeine as the best indication of the value of a coffee extract. 

Of three samples of “coffee extract” examined by G. L. 
Spencer, one was destitute of caffeine, but contained cereals 
and other starchy bodies, a second contained 119 per cent, of 
caffeine, or about as much as ordinary coffee , and a third Was a 
mixture of coffee extract with milk and sugar, and contained 0'72 
per cent of caffeinB .Yery notable proportions of tin and copper 
Weie detected m these preparations 
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Kola-nuts . 1 

TheGourou or Kola-nnt, from a tree belonging to the family 
Sterculiacem , is chewed and used for preparing a beverage in Western 
Africa, by the negro inhabitants of the West Indies, Brazil, &c 
From the nut of Stercuha or Cola acuminata, the female or true 
Kola, II e c k e 1 and S c'hlagdenhauf f en {Pham. Jour, [3], 
xiv 584) obtained the following products . — 


Extracted by I 
Chloroform — 1 


Caffeine, 

Theobromine, 

Fats, 

Tannin, 


2 348 per cent, 
0 023 „ 

0 585 „ 
0'027 „ 


Tannin, 
Kola red, 
Glucose, 
Salts, 


1591 

1 291 

2 875 
0 070 


I Starch, . . 33 754 

Gum, . 3 040 

Colouring matters, 2 561 

Proteids, 6 761 

Cellulose, . .29 830 

Ash, . 3 325 

Water, . 11919 


According to E. Knebel (Apoth Ze.it, 1892, p 112), kolo- 
nnts contain a glucosido, k o 1 a n i n, which on boilmg with water, 
or by treatment with dilute acids, sphts up into caffeine, 
glucose, and kola-red, C 14 H 13 (OII) 6 This last pioduct is 
an extremely unstable substance, taking up oxygen during the 
drying of the nuts, with separation of water and foimation of 
gallotannic acid, C 14 II 10 O 0 It is stated that fresh kola- 
nuts have a gieator physiological activity than when dried, as m 
the former condition the kolamn has not undergone the degenera- 
tion which destroys it and renders the caffemo insoluble 

Monaron and P err one state that powder and extract of 
kola-nuts have a far greatei power of diminishing the elimination 
of phosphates and nitrogen than caffeine alone has Kola-rod has 

1 Kola-nuts are oblong, three fanning a ball fully 2 inches m diameter, 
and resembling a very large horse-cliestnnt. The individual nuts have a 
rugged, dark hrown srnfnce Insnlo they are light hrown, becoming rusty on 
exposure, and tongh as wood When fiesh the taste is first sweet, then 
astringent, and finally bittet After diymg the bitterness diminishes, 

Various other Afrioan plants yield seeds closely lesemblmg the true Kola, 
but it is doubtful whether they contain oaifeino. 
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a diminishing influence, but "both it and caffeine act better m their 
natural combination than separately Caffeine has a diuretic 
action, whereas kola is anuretic. The drug prevents waste of 
brain as well as of muscular tissue. 

False Kola, Male Kola, or Kola Bitter, is the seed of Oat cinea 
Lola, a plant of the family of the Ghittiferw growing in Liberia 
and Central Africa On extracting the seeds with chloroform, 
ether, and alcohol, no caffeine is obtained, but only resins One of 
these gives a violet coloration with feme salts, while the other is 
dextio-rotatory and precipitated by tartar emetic and basic lead 
acetate The physiological aotxon of the extract of kola bitter is 
attributable to these resins 

Guarana . 1 

This product occurs in the form of cylinders It is an inde- 
finite mixture of vanouB materials, of which the seeds of Paullima 
sorfolis appeal to he the only constant and characteristic ingredient 
It is prepared by the G u a r a n 1 s, a tribe of hall-savage Indians on 
the Upper Amazon ItB only interest is as a source of caffeine, of 
which it contains a notable proportion Steuhouse obtained 
6 04, and F V Green 6 06 per cent E R Squibb found 
4 83 per cent ( Ephemens , u Cl 5) J II Feemster (Phat m 
Jour , [3], xm 363) obtained from 3 9 to 6 0 per cent of caffeine 
from five samples of guaxana. The alkaloid is readily isolated m a 
state of purity by boiling the substance with water and litharge 
for some hours, or until the liquid is colourless and the deposit 
settles readily, concentrating the filtered liquid, and agitating with 
chloroform 

Cocoa and Chocolate. 

Cocoa is the seed of the tree Theolroma cacao and allied 
species growing wild m tropical America It is cultivated in 
Brazil, Grenada, Trinidad, &c , and has been introduced into the 
East Indies and parts of Africa and Auetialia The cocoa-seeds 
from dillerent districts vary considerably m appearance and flavour, 
hut do not present any sharp distinctions in chemical composition 

The fruit of tho cocoa contains fiom 26 to 40 seeds closely 
packed m the pulp, which is lemoved by subjecting the seeds to a 
process of fermentation foi a few days The pulp is then separated 
by hand, and the seeds placed m trays and dried slowly in tho sun 
or by aitifieial heat, being turned over at mtervals. The flavour 

1 Throughout Brazil, and m all paits of South Amanca whare the prepara- 
tion is used, tho woid gnaranft re universally accented on the last syllable, 
and never pionouneed guardnn 
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of the cocoa is greatly dependent on the care and skill mth which 
the operations of fomentation and drying ,are conducted. The 
procoss has been compared to the malting of barley, germination 
taking place and being subsequently arrested. It is alleged that 
the alkaloid is formed during the process of fermentation, but the 
statement requires confirmation 1 

When quite diy, the cocoa-secds are ready for exportation, 
but before being used they ore subjected to a gentle roasting, 
wheieby the bitter taste is modified and the kernels are more 
readily separated fiom tho shells or husks, which constitute from 
8 to 14 per cent, of the entire seed. When separated from the 
husks the broken kernels are known as cocoa-nibs 

K onig has published analyses of eight samples of decorticated 
cocoa-beans and of the hwAs from the same specimens. The 
folio wmg figures show lus average results — 



Moisture 

Nitrogenous 

Tat j Starch 

Cellu- 

Ash 

Cocoa beans freed from! 

buoix, . . r 

8 25 

n ye 

41)00 13 81 

388 

8 85 

Cocoa husks, . . . 

7 88 

14 29 

0 38 | , 

14 89 

7 '12 


The following analyses of raw cocoa are by B o u s s in g a u 1 1 
(Ann Ohm. Phys, [5], xxvm 4=33): — 



Koind. 

Kernel 

Husk. 

Theobiomine, 

AlbinuinoidB, ... 

Sr*" • : . : . 

Soluble cellulose, . , 

Starch and giuooae, . ] 

Tortarlo acid,* . , . 

Tahnta, . . 

Ash, . . . 

Undetermined, 

7*0 

3a 

trace 

X 2 4 

34 

0*2 

to 

53 

no 

lit 

530 
[ 01 

i « 

40 

18 18t 

lies 

30 

1812 

8 89 

; " 


* Tlie presents ot tnrtorio nojd In coooa lies boon confirmed by Wolgmann, who 
found from i 34 to 6 63 per cent in tho raw whole boons To determine It, ho neutralised 
the aqueous extract with ammonia, added oalohuu oblorhlo, redisaolvod the precipitate 
in hydi nchlmlc aoid, and lepieolpltated with soda. 

T Tide proportion of water seems improbably high 

1 Tho anthoi inclines to the opinion that the alkaloid of tea is in groat 
measiuo a piodnot of the decomposition of some mole complex body, aa has 
beep proved to be tho case with tho oaffeme of cola-nuts. It appears not 
improbable that the same may he tone of the theobromine of tho coeoa-boan. 
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According to AH Church (Foods, page 200), good cocoa- 
nibs contain — Water, 5 0, albuminoids, 17 0; fat, 510, theo- 
bromine, 1 5 , cocoa-red, 3 0 , gum, &c., 10 9 , cellulose and hgnose, 
8 0 , and mineral matter, 3 6 per cent 

J. Bell gives the following as the composition of raw Trinidad 
cocoa-nibs. — Moisture, 5 23, fat, 50 44, starch, 4 20 , alkaloids, 
0 84, albuminous matters, soluble, 6 30, insoluble, 6 96 ; astringent 
principle, 6 71; cocoa-red, 2 20, gum, 2 17, cellulose, 6 40, in- 
definite insoluble organic mattei, 5 ‘80 , and ash, 2 75 per cent. 

The following analyses of commeicial rate cocoa , after removal 
of the husk, 'are by Eastes and Terry (Pham Jour, [3], 
xv 764) • — 


Kind of Cocoa, 

Moisture 

Fat. 

k Tlioo 

ASU 

h 3 fo* 

Cnracoas, 

Ceiqipano, 

Granada, , , 

Guayaquil, 

Surinam, 

Tiiiiidad (common), 

Trinidad (fine, St Antonio), 

5 04 

5 60 
368 

4 SO 

2 56 

6 62 
4-72 

68 65 

47 88 
4712 

52 07 

67 07 

85 

108 

100 

142 

105 

104 

281 

3 28 
309 

2 70 

1 89 

0 01 

0 86 
MO 

0 85 

0 89 
116 


The following analyses by C, Heisch (Analyst, l 142) show 
the range of variation of ceitam of the constituents of commercial 
roasted cpcoa-beans The difference in the pioportions of husk is 
due to the great variation in the thickness of the shells of docoas 
from different sources — 


Kind of Cocoa 

tion of 
Hunk 

Boasted Bean after llemoval of Husk j 

J 

3 

1 

g 

I 

s 

£ 

ii 

i 

i 

1 

Ash | 

Far 

cent 

IWE 

Sol in 
Water 

i 

I? 

Caraooaa, 

18 8 

4 82 

48 4 

176 

1114 

3210 

3 06 

216 

164 

Trinidad (inferior), 

16 6 

8-84 

49 4 

176 

1114 

32 82 

280 

090 

0 03 

Surinam, ■ 

16 6 

are 

6d4 

176 

1114 

28 45 

2 85 

0 80 

128 

Guayaquil, • 

116 

414: 

49 8 

2 Ob 

13 08 

80 47 i 

8 50 

176 

187 

Grenada, 

14 6 

890 

166 

1B6 

12 40 

36 70 

2 40 

0 00 

185 

Bahia, 

96 

4 40 

60 3 

. 117 

7 40 

85 30 

260 

000 

126 

Cuba, 

12 0 

3 72 

45 3 

187 

8 87 

39 41 

2'00 

0 96 

118 ' 

1-ara, , . . 

85 

8 96 

54 0 

200 

1260 

26 JH 

3 06 

140 

100 
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J. Bell (Analysis and Adulteration of Foods) gives tlie follow- 
ing particulars respecting the composition and the ash of cocoa-nibs 
and husk • — 


Kind ot Cocoa 

Per 100 Paris ot 

Per 100 Parts ot Ash 

1 

2 

II 

S 

!| 

it 

PeOs 

co 2 

Kj0. 

no 

Ounynqml nllw, 

6 00 

OH 

8 03 

6C20 

none 

40 39 

060 

23 85 

021 

Surinam iuIib, . 

4 66 

0 80 

2 00 

43 46 

none 

87 78 

3 81 

38 00 

0 88 

Grenada nibs, 

5 71 

0 01 

2 82 

48 58 

none 

30 20 

2 02 

21 64 

015 

Finest Trinidad nthB, 

147 

0 84 

215 

10 66 

none 

80 2(1 

410 

20 30 

011 

" „ husks, 

1010 

185 

803 

51 02 


1717 

10 80 

87 89 

063 


In these analyses the figures for alkaloid are piobably considerably 
below the truth 

The ash of cocoa is distinguished by the small proportion of 
chlorides, carbonates, anil sodium compounds contained m it, and 
by the great preponderance (3 01 5 1) of mngneaia over lane 

In Bell’s analyses of cocoa-ash, no mention is made of the 
presence of copper Dnclaux proved this metal to bo con- 
stantly present m cocoa Galippo confirmed this, and found 
proportions varying fiom O'Ol 12 to 0 0292 giammci pen kilo- 
gramme of cocoa The greater pint of the copper existed m the 
husks, and m inferior kinds of chocolate containing cocoa-husk 
in large proportion copper was occasionally present to the ex- 
tent of 0 125 gramme per kilogramme. 

Tlie most important and characteristic constituent of cocoa is 
the alkaloid iheoln onnne A small proportion of caffeine is somo- 
times present m addition The lecorded proportions of theo- 
bromine aie very variable and generally untruetwoithy. The 
method of determination has already bean described (page 490) 
P. Troganowski (Arch tv der Fhann , [3], x 32 , Juv/t Gkem 
Soc., xxxu, 363) found from 1 2 to 4 6 per cont of theobromine m 
cocoa, and concluded, from tlie result of a largo number of experi- 
ments, that the pioportion of alkaloid does not always hear a relation 
to the quality and value of tlie cocoa. This is probable, hut the 
difficulty attending the accurate determination of theo-bromine m 
cocoa renders any deduction of the kind of very doubtful value 

The fat of cocoa (Oleum Theolromahs, BP), sometimes called 
'‘cocoa butter," consists chiefly of stearin, and is fully 
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described on page 568 The proportion of fat present m cocoa- 
nibs, free from husk, varies only a few units on each side of 50 
per cent , and hence is valueless for the discrimination of samples 
from different sources 

The taste and aroma of cocoa are chiefly due to a volatile 
substance, probably an essential oil, which appears to be developed 
by roasting, m the same manner as the caffeol of coffee (page 532) 
The tannin of cocoa also contubntes to the flavour 
The cocoa-red probably docs not pre-exist in cocoa, but is a 
product of the oxidation of the tannin If cocoa, from which the 
fat has been previously removed (by petroleum spmt), be ex- 
hausted with alcohol, and the solution treated with acetate of load, 
a precipitate is produced, which, when suspended m water and 
decomposed by sulphuretted hydrogen, yields a clear and colourless 
filtrate , hut on evaporating this liquid, it acquires a bright led 
colour, and on taking up the residue with water, cocoa-red remains 
insoluble Cocoa-Ted givpg various coloured piecipitates with 
metallic salts, the tints depending on tlie extent to which oxida- 
tion has occunod, and, apparently, on the variety of cocoa employed. 
P. T r o g a n o w s k i (A? dm, der Pham , [3], x 32 , Jour Qhem 
Soa , xxxu 363) has described various coloui -reactions yielded by 
the aqueous or alcoholic solutions of cocoa from vanous sources, 
blit the value of the indications obtained is very questionable 
The qmn of cocoa closely resembles gum-arabic m appearance, 
and yields mucic acid on oxidation with nitric acid It differs 
from gum-arabic m being strongly dearfro-rotatory 

The starch of cocoa is present in only modeiate proportion, and 
the amounts recorded by some obseivers are probably m excess of 
the truth The granules are small, lound, and exhibit a central 
hilum Under the micioscOpe they aTe readily distinguished 
from the granules of added starches 

Nitrogenous constituents of cocoa G W Wigner (J 878) 
showed that of the nitrogen of cocoa only a poition varying from 
39 to 78 per cent existed m a coagnlablo form ( Analyst , iv 8) 
The total nitrogen, as determined by combustion with soda-lime, 
ranged from 0'70 to 2 98 per cent , and that existing as coagulable 
albuminoids fiom 0 33 to 2 33 per cent According to Wigner, 
of the nitrogen m a non coagulable form, part exists as theobromine 
and a furthei portion as nitrates Wiguer argued from this that 
the value of cocoa as food had been over-estimated 

Weigmann snnihuly found only 42 per cent of the nitro- 
genous substances m cocoa to he digestible , and S t u t z c r states 
that, m spite of apparently favourable conditions, due to tho 
physical condition of commercial cocoa, a large proportion of the 
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nitrogenous constituents remains entirely indigestible. S t u t z c r 
classifies the nitrogemsed compounds' of cocoa as follows • — 1 
Non-proteids , substances soluble m neutral aqueous solution in 
presence of cupric hydroxide (theobromine,, ammonia, amido-com- 
pounds) 2 Digestible albumin, insoluble m neutral aqueous 
solutions m presence of cupnc hydroxide, but soluble when treated 
successively viith acid gastnc juice and alkaline pancreas extract 
3 Insoluble and indigestible nitrogenous substances 

The following are the results of the analysis of four cocoa 
powders examined by S t u t z e r (ZeiUch f anqetw. Cham , 1891, 
page 368) foi the puipose of determining the effect of the process 
of manufacture on the chemical constituents A was composed 
of 40 per cent Anba, 40 of Machala, and 20 of Bahia cocoa, and 
was manufactured by Wittekop & Co without the use of chemicals. 
B is a sample of a well-known cocoa manufactured in Holland 
with the addition of potash 1 C and D are German cocoas, and, 
in Stutzer’s opinion, were piepared hy the use of ammonia — 



A 

R1 J C 

D. 

Water, . . . 

Fibre 

Nitrogen free extract, 

Total nltrogonons substance®, l 

Flit, . . 

Pet cent 

4S0 

8 30) 
88 02) 
20 84 

27 88 

5 05 

Pc) cent 

8 83 

87 48 

19 88 

30 51 

S 80 

Pet cent 

89 99 

20 01 

27 34 

6 18 

Per emf 

5 41 

30 00 

10 25 

88 80 

0 13 


100 00 

100 00 

100 00 

100 00 

i Containing total nitrogen, 

3 08 

3 80 

8 95 

3*57 

Composed o£ — 





Theobromine, 

102 

1 7x1 

1 08 

1 60 

Ammonia, , . . 

000 

0 03 

0 40 

0 38 

dmido-compounds, 

113 

1*26 

oai 

131 

Digestible albumin, . . , 

10 25 

7 OS 

10 60 

7 81 

Indigestible nitrogenous substances, . 

7'18 

919 

7 0S 

8 00 

Containing nitrogen, 

110 

147 

1-23 

1 28 

Proportion ot total nltiogon hull \ 
gostlble, . . / 

812 

id 6 

812 

858 

s Containing — Total P a 0 5 .... 

1*85 

2C2 

214 

i 2 05 

r a 0 6 soluble in water, . 

' 148 

QD0 

0 74 

0 77 

Ratio ol total P a O a to soluble, 

100 77 

100 19 

100 '31 

| 100 37 

Ash soluble in v, ater, . 

3 70 

4 76 

2 82 

1 2 78 

Ratio of total ash to soluble, 

100 74 

100 57 

100 f>4 

100 49 

1 An analysis of the asli of Yan Bhutan's e 

ocon hy ICoing 

(in 1880) 

showed;— Tptal ash, 7*84, K a O, 8 52 , 

GaO, 0-27 , MgO 

0-81 ; 

’A. 1 Si 
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CoMMBRaUL Cocoa AND CHOCOLATE 

In its simplest form, commercial cocoa consists of the roasted 
and husked seeds (“mbs”) ground to a paste or semi-fluid, and 
run into the form of cakes Flake cocoa is sometimes made by 
passing the decorticated seeds through a particular kind of rollers , 
but it is mostly made from the small particles containing much 
shell and germ, sepaiated by the sieves. 

The term “ o o c o a ” is sometimes misapplied to mixtures of real 1 
cocoa with sugar, &c. The practice is highly objectionable and has 
led to much confusion It is better to describe all such cocoa mix- 
tures as chocolate, reserving the name cocoa for the unmixed article 

All good cocoa preparations should be made from the cotyledons 
only, though the husks enter into the composition of many of the 
inferior kinds of cocoa and chocolate In Germany, under the 
name of “cocoa-tea,” and m Iieland as “miserables,” cocoa- 
husks are an independent article of commerce, 1 the infusion of 
, which m boilmg water is drunk after the manner of tea 

The large proportion of fat m cocoa (averaging 50 per cent ) 
renders it impossible to manufacture a permanent preparation m 
the form of powdei, without either removing a portion of the fat 
or diluting the material with some non-fatty matter, such as sugar, 
starch, or farina. Hence, there are two distinct types of “cocoa” 
known m commerce, namely — 

1, Preparations commonly called “cocoa-essence,” or 
“coco a-ex ti a c t,” consisting of ground cocoa-nibs, from which 
a part of the fat has been removed by heat and pressure 

2. Preparations to which sugar and, geneially, some starchy 
material have been added The sugca is usually sucroso (cane or 
beet sugai), but reducing sugars are sometimes present m notable 
quantity Of the pure starches, arrowroot and rice starch are used 
in the better preparations, while wheat- and potato-starches and 
, wheat-flour are also met with. Moeller ateo mentions acorn 
and rye flours, ground earth-nuts, and malt, to which M a o 6 adds 
almond-cake and sawdust. Any cheap vegetable matenal, capable 
of being reduced to fine powder, is liable to be used by unscrupulous 

per cent Belohubeck (in 1888) found —Total ash, 7 88 , and foi 100 of 
totelash, KjO, B2-S9 , CaO, 1"66, MgO, 10 45; P a 0 6 , 24 91 , 00 3 , S 46 per cent 

1 In large coooa manufactories the hualca aie sotted by sieves mto several 
sizes The laigest are employed for infusion, and the finest, containing a con- 
siderable adnnxtuia of the kernels, are ground up with sugar and cacao-butter 
i to pi oduco a low grade of chocolate The intermediate sizes are not readily 
applicable for either of the above purposes, and hence fetch a lowei price than 
the coarsest and finest husks They are employed for cattle food, and at 
Hambuig arc pressed for the extraction of cacao-butter. 

' VOL III PART II 2 K 
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cocoa manufactnreis, but the better class of preparations which 
have acquired a reputation m. the United Kingdom, are free from 
any suspicion of such admixtures. 

A considerable addition of cacao-buttei is made to some kinds 
of chocolate 1 

The flavounng agents added to chocolate are most frequently 
vanilla and cinnamon Artificial vanillin, nutmeg, cloves, macs, 
&c., are also used In addition to the mechanical difficulty of 
manipulating undiluted cocoa containing all its natural fat, it is 
stated, with some probability, that the excessive propoition of fat 
londers tho cocoa difficult of digestion Hence the removal of a 
portion of the fat, and consequent conqentration of tho non-fatty 
constituents o'f the cocoa, appears to be distinctly advantageous 

A fuithcr tieatmont of the concentrated cocoa is piactiscd by 
some manufactniers of cocoa-essence, especially by Dutch firms 
This treatment consists in tho addition to tho cocoa of an alkali, 
which may be either ammonia or a fixed alkali or alkaline car- 
bonate, whereby the fat becomes emulsified and any free fatty acids 
saponified. Hence, on subsequently tieatuig the cocoa with hot 
watei there is less tendency to the sepaialion of oily globules. 
The effect on the composition of the cocoa is shown m tho 10 suits 
of Stutzei on page 560, from which it appears that the fact of the 
treatment can bo readily detected In the case of a well-known 1 iraml 
of cocoa, potassium carbonate is used In another case, tho cocoa- 
beans are soaked m water containing from 2 to i per cont of their 
weight of caustic potash or soda 

The following figures wore obtained by the analysis, in the 
author’s laboratory, of a specimen of tho host cocoa-mhs and two 
of the leading brands of cocoa-essence or solublo cocoa, to winch 
no starch or sugar had been added . — 



1,1 Chocolate creams" consist of a coro or kernel of pure sugar, 
enveloped in a mixture of ground coooa, caoao-buttei, sugai, and flavouring 
materials. 
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The curious property possessed by the cold-water extract of being 
at once alkaline to methyl-orange and acid to pbenolphthalem 
indicates the presence of a soluble salt of some weak organic acid, 
together with a small proportion of free organic acid The treat- 
ment with alkali which sample B had leceived appears to have 
notably increased the proportion of matter actually soluble in water 
The misuse of the term “soluble” by cCcoa manufacturers is 
notorious, the real object sought, and to some extent attained, 
being the formation of an emulsion which is readily miscible with 
hot water This desideratum is the moie important owing to the 
difficult digestibility of some of the nitiogenous constituents of 
cocoa (see page 559) 

The following results, among many others, were obtained by E E 
Ewell (Bulletin JSTo 13, TJ S Department of Agncultiue) by the 
analysis of well-known brands of commercial cocoa and its pie- 
parations . — 


description of Sample 




4 

Su 

ar 

¥ 

Ash 


1 

i 

s 

f 

? 

s 

a 

- 

erpiiva- 

Added Staioh 

TTy's Ooooa Extract 

1 

30 05 

8 8*1 



4 21 

68 

None 

Schweitzer’s Cocoatina 

1 

8113 

3 70 



0 88 

94 

Nona. 

Van Hooten'a Cocoa, 

1 

29 &1 

4 83 



8 04 

16 06 

None. 

Blooter's Dutch Cocoa 

0 

8148 

3 70 



6 0(3 

90 

Nona. 

Rowntree’s Extract 1 
of Ooooa, , / 


27 50 

4 42 



. 8 48 

16 6 

None 

Rowntree'sPoivdered 1 
Chocolate, . . / 

2 

26 84 

180 

61 

none 

100 

2 26 

{ Very small amount 
\ of airowroot 

Epps' Prepared Cocoa, 


26 94 

151 ! 

20 

none 

816 

26 

Much airowroot 

Try’s Diamond Sweet \ 
Chocolate, J 

2 

IS GO 

81 

66 

some 

110 

146 

, (Much wheat starch 
with same arrow* 

London Cooon (un-\ 
known rnakoi), f 

S 

1118 

218 

82 

some 

282 

89 

/Verj largely diluted 
\\ with auowioot 

Chocolat-Memer, 

0 

21 81 


68 

none 

140 

2 05 

| None 


1 In the column headed "husk,” 0 signifies that no pharaoteristic husk tissue could bo 
found under the microscope, 1 signifies that the husk had probably been mostly lemoved , 
2 signifies that the husk had probably been partly removed, and 8 that the husk 'was piob 
ably all present But Ewell's obsoivations with i espoot to the husk of commercial cocoas 
aie nut in all caaoa borne out by the examination of other samples of the same prepara- 
tions, and inuBt be received with caution, 

2 The figures in. the column headed "acid equivalent” represent the number of c o of 
deoinormal acid i squired to noutrallse the ash from 2 grammes of the sample It is a 
rough measure of the fixed alkali used in the manufacture. 
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Owing to a considerable proportion of the natuial fat having 
frequently been removed, the proportion of ioal cocoa in a mixture 
cannot be assumed to be approximately double the percentage of 
fat A better idea of the proportion of the additions is obtained 
by stating the fat and non-fatty constituents sepaiately This 
plan is adopted by J. B ell, and is shown in the following analyses, 
by him, representing the composition of certain commercial pre- 
parations of coeoa: — 


Desonption 

Moisture 

Fat 

Added 

Sugar 

Added 

StaraU 

Non fatty 

(by (Ulfei- 

Nltiogei! 

Finest Trinidad mbs, 

zso 

6177 

none 

none 

45*03 

2 06 

Oooos Extract, 

6 70 

20 60 

none 

none 

04 74 

Not deteimlued. 

Flake Ooooa, . , 

6 40 

28 24 

none 

nono 

00 27 

806 

Coooattna, . . . 

8 60 

23 98 

none 1 


72 60 

407 

Cbooolatirie, . . 

440 

29 60 

none 

none 

60 00 

4 30 

Chocolat de SanM, . 

144 

22 08 

61 21 

2 00 

18 27 

Not determined, 

Prepared Ooooa, . . 

4 06 

2 4 94 

28 03 

1010 

27 80 

2 24 

Iceland Moss Ooooa, 

6 47 

16 86 

29 23 

24 70 

23 74 

1*88 

Hook Ooooa, . . 

2-68 

*21 

32 20 

17 60 

24 90 

Not determined. 


According to evidence given m the ease of Gibson t Leaper,/ 
,l Epps’ cocoa” contains 40 per cent of cocoa, 16 of starch (West! 
Indian arrowroot), and 44 per cent, of sugar “ Gunulated cocoa” 
is chiefly a mixture of cocoa-nibs, sugar, and arrowroot , while in 
“ Maravilla cocoa ” the toowroot is replaced by sago Bernhardt 
states that be has met with chocolates consisting of cocoa-remnants, 
fat, sugar, spices and colouring matter, and containing no true cocoa 
whatever The cocoa-butter is said to he liable to be replaced 
by cheaper fats, and vanilla and vanillin by Peruvian or Tolu 
balsam, storax, oi gum benzoin 
1 Analysis op Oommbeoxal Coooa' and .Chocolate, 

The complete analysis of cocoa is rarely required. A careful 
microscopic examination will indicate the presence, and m many 
cases the nature, of most foreign additions, and prove the presence 
of husk-structure. The various starches may also be identified 
by the microscope The proportion of fat affords further informa- 
tion, arid the percentages of .sugar and starch complete what 
is usually required, unless it is desired to ascertain the nature 
and amount of the alkali added. The following scheme of 
analysis will allow of the above information being obtained . — - 
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Ignite 5 grammes of the sample, weigh the ash and treat with 
boiling Water Wash, dry, ignite, and weigh the insoluble poition 
Titrate the filtrate with decmormal acid to determine the alhaUnity, 
which will be excessive where the cocoa has been prepared 
with a fixed alkali The addition to cocoa of ferruginous' 
pigments, such as rouge, ochre, and venetian-red, was formerly 
practised, and the author was recently consulted as to the probable 
legal consequences of their use He has also examined a 1 pre- 
paration consisting essentially of oxide of non, which has recently 
, been offered to cocoa-manufacturers Wheie the proportion of the 
diluents is large, the importance of deepening the colour of the 
mixture is considerable. The addition of ferruginous matters would 
be readily detected by the excessive proportion of the ash, which 
m the case of genuine cocoa is white, and very rarely m excess of 
4 per cent (in the absence of bust and added alkalies, and when, 
the fat has not been removed) The proportion of oxide of iron 
m cocoa is very trifling, ranging from 010 to 0 38 per cent of 
the ash, while even in the husk it only amounts to 0'63 per cent 
of the ash 

Dry 5 grammes of the sample m the water-oven at 100° C 1 and 
note the loss of weight, which represents moisture. Boil the dried 
substance, reduced to powder if necessary and preferably mixed 
with a known weight of dry sand, with redistilled petroleum 
spirit Pour off the solution, and repeat the treatment till the 
fat is entirely removed. Wash the lesidue, dry it m the hath and , 
reweigh The loss represents fat, with a near approach to accuracy 
A direct deteimihation may be obtained by evaporating the petroleum 
spirit, and the physical and chemical characters of the residual fat 
can then be ascertained 1 

The residue left after the extraction of the fat is exhausted with 
hot spirit of 0 850 specific gravity, which dissolves sugar, tartaric 
"" 4 1 — ~ — ' ^"ohromine, &o The hot solution is treated 
■ 1 filtered from the precipitate of lead tartrate, 

tannate, stearate, &c. From the concentiated filtrate the theo- 
bromine can he extracted by agitation with warm chloroform, hut 
Where the determination is not required this stage of the piocess 
may be omitted. The aqueous liquid is freed fiom traces of chloro- 
form by boiling or agitation with petroleum spirit, and after removal 

1 Oocoa winch has been tieated with an alkali contains a notable quantity 
of soap , which is not dissolved by the petroleum ethei It is best extraoted 
by treating the residue with alcohol containing a fow drops of hydiochlorio 
aoid, evapoiating the alcoholio solution, and shaking the residual liquid with 
water and ether On sepaiatmg and evaporating the etheieal layer, the fatty 
acids of the soap will he left 
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of the excess of lead by sodium phosphate is fit for determination 
of the sugar. This may he effected by inversion and treatment with 
Fehhng’s solution, or by means of the polanmetei The difference 
m the amount of sugar found before and after invorsion represents 
the ccme-sugm added The Alcoholic extiacl of genuine cocoa, after 
treatment with lead acetate, does not sensibly lcduce Folding’s 
solution, so that any precipitate yielded before mveisiou represents 
g Iweose, introduced as such or present in the cane-sugar added 1 

The lesidue left after treatment with alcohol contains gum, 
starch, cellulose, fibre, albuminoid matters, &c After weighing, 
an ah quo t part may, if desired, he used for the determination of 
the contained mtiogen by ICjoldahl’s process or combustion with 
soda-lime, and the amount found calculated to albuminoids by 
multiplying by 6 25. The residue may also be advantageously 
examined under the microscope at tins stage, since by the lemoval 
of the oil, sugar, and colouung matteis the starch and woody 
structure aie seen to great advantage On the presence oi absence 
of foreign staich will usually depend the necessity of performing 
the subsequent operations for its quantitative determination. 

For the determination of ttaroh, au aliquot part of the residue 
from the alcohol treatment 2 should be healed, under a pressure of 

1 A detemmation of the amount of sugar added to cocoa oan bo readily 
effected to within 2 jipi cent of the truth, but a stuctly aoouiato estimation 
is not lequired, and would bo very difficult The sugar can bo determined m 
tlie aqueous instead of tlio alcoholic ovtiaot of the cocoa, but m that case tbo 
solution contains tbo nafiual gum, wlueli lias a doxtio-rolatory power equiva- 
lent to 0 3 to 2 0 per cent ot cano-sngai in the sample, and a huge volume of 
cold wfttei must bo used tor the extraction. E E Ewell (£ul!Hm No. 13, 
U 8 Depaitment of Agriculture) recommends the following method for tbo 
polanmetne detei munition oi sugar in the aqueous extinct of cocoa —13 ’024 
giannuss woight of the matenal is tiitiuated m a small mm tar with alcohol 
until a smooth paste is obtained Tins is tmnaferred to a 500 o c. flash, 
diluted with about 400 e.e. of watei, and tlie liquid shaken occasionally for 
three or four horns, when 10 e o. of a situated solution of mmtinl lead acetate 
should be added and the volume biaught to 600 c e. Alter standing for an 
hour with occasional agitation, the eolation is filtered and poliuisod m a 4 
decimetio tube (twice the usual length) If the instrument be one intended 
for use with 26 048 giammes of sugar, the percentage of cane sugur m the 
sample will be found by the following formula, m wluoh R is the leading in 

i |[ 600-(18 024 )-^^!] „ 1)er cont ofaucrosB . 

2 t1ib residue is prefeiably first treated with cold water, to dissolve gummy 
matters, hut except in cases whole gieat accuracy is lequued this part of the 
process may bo omitted 
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1 atmosphere, for one hour with 60 cc. of water and 1 c,c of 
fuming hydiochlonc acid. 1 II This treatment effects the complete 
conversion of the starch into maltose and dextrin, and the further 
change of these to dextiose, without appreciably affecting the 
cellulose The solution ib filtered from the insoluble matter, fibre 
(sand), &a , and the dextrose determined m the neutralised filtrate 
by Folding's solution Ten paits of dextrose found represent 9 
of starch in the sample 

The mixed cellulose , fibre, and sand, left after the conversion of 
the staich by hydrochloric acid, should be treated with a solution 
of 2 per cent eaustic soda to remove nitrogenous matters, washed 
successively with very dilute hydiochloric acid, alcohol and ether, 
dried and weighed 2 

An alternative method of estimating starch consists in treating 
the fat-free cocoa with cold water, to remove all sugar, gum, &c. 
The liquid is filtered and the residue washed with, decmormal 
caustic soda (4 grammes NaHO per litre) to remove albuminoids 
The residue is rinsed off the filter with warm wator, the liquid 
heated to boiling while constantly stmed, so as to gelatinise the 
starch, and the product treated with a known measure of recently- 
prepared and filteied cold aqueous infusion of malt, of which the 
specific gravity has been previously ascertained. The mixture is 
kept at a temperature of 60° to 63°, with occasional stirring, until 
a drop taken out with a glass rod and added to a drop of dilute 
iodine solution on a porcelain plate shows no blue or brown colora- 
tion. The solution is then filtered, made up to a definite volume, 

I A simple and convenient apparatus for offectmg the conversion consists of 
a soda-water bottle fitted with an india-rubbei stopper, through which passes 
a long glass tube bent twice at right angles and immersed to a depth of 30 
inches in meicuiy contained in a long vertical glass tnbe or piece of narrow 
(iron) gas-pipo The stoppei should be carefully seonrod by wire The soda- 
watei bottle may be heated m a bath of paiaffin oi oil, oi in a boiling 
saturated aqueous solution of sodium nitmte. This last liquid ha3 a tem- 
perature of 131“ 0 , corresponding to one additional atmosphere of piessuie, 
so that no regulation is required, and if prefened the exit-tube may be dis- 
pensed with and the eoik or stoppei fiimly seemed in position 

II Tor the direct determination of the crude fibie, 2 giammes of the sample 
of cocoa should lie freed from fat and boiled for half an horn undei a lcflux 
condenser with 200 e.c of water and 2J c o. of sulphuric acid The liquid is 
filtered through linen and tho residue thoroughly washed with hot water and 
then boiled with 200 c o of per oont. oaustic soda The residue is filteied 
off, washed m succession with hot watci, alcohol, and ethor, dned at 110°, and 
weighed. It is then ignited, and the loss regaided as crude Jihe In cocoa 
free fiom hush it will amount to 2 or 8 pei cent, only, but will exceed this 
limit in proportion to the amount of husk present 
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and its specific gravity accurately ascertained From the excess 
of the density over water is subtracted the' density due to the 
infusion of malt used, allowance being made foi the increased 
volume of the liquid, when the difference represents the density 
due to the staich dissolved, and this number divided by 4 096 
(s=S 95, the density-eoefficient of a solution of mixed maltose and 
dextrin, multiplied by 1 037, the yield of these from 1 part of 
starch) gives the number of grammes of starch m each 100 o.o. of 
the solution 1 

The total nitrogen of cocoa can be determined on 2 to 3 
grammes by Kjeldahl’s method, or by combustion, with soda-lime^ 
The assumption that the proportion of albuminoids can bo found 
by multiplying the nitrogen by 6 25 leads an estimate greatly m- 
excess of the truth. The theohiomme of cocoa contains 3 IT per 
cent of nitrogen, oi nearly twice as piuch as albumin. Hence to 
obtain an estimate of proleids from the nitrogen of the sample, 
the 'proportion of that element corresponding to the theobromine 
present must first be deducted But as the determination of 
theohiomme is somewhat troublesome, it is piefovahle to operate 
on a cocoa-iesiduo winch has been already exhausted with petroleum 
spirit, alcohol, and amyko alcohol or chloroform, so as to eliminate 
with certainty the whole of the theobromine 

Caoao-buttbr ( Oleum Theobromatis ) is the fat contained m cocoa- 
bcans, and must not be confused with cocoa-nut oil from Cocos 
nncifem 

Cacao-butter is expressed from cocoa m the process of manu- 
facture, and by far the larger quantity used m the United Kingdom 
is the produce of one firm. It is used in pharmacy , for the pro- 
duction of some lands of chocolate , and in the manufacture of 
high-class soap Cacao-butter is liable to adulteration with or 
substitution by other fats, and it is said that the cacao-butter is 
sometimes very completely expressed from cocoa and replaced by 
tallow, cocoa-nut oil, or other comparatively cheap fat 

A careful observation of the physical and chemical characters of 
1 Thus, suppose 20 grammes of the sample of cocoa bo taken, and, aftor 
extraction of the fat and treatment with cold water and soda in tho manner 
desonbed, the residue be treated with 50 c,o of water and 5 c o of infusion of 
malt of 1060 speoific gravity} tho liquid being subsequently made up to 
100 c o and found to havo a density of 1023 Then the collection duo to tho 
malt extract will bo “ 3 > and this dgnro, subti acted fiom the 

density of the solution less that of water (1023-1000=23), loaves 20 as the 
excess-density caused by the solution of the stareli of tho sample , and this 
figure divided by 4-096 givos 4 9 giammes per 100 o.o oi m the 20 grammes 
taken , or 24 6 per cent of starch m the sample 
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cacao-butter will allow of the detection of other fats, if present m 
any considerable proportion 

Pure cacao-butter is a yellowish fat, gradually becoming paler on 
keeping 1 At the ordinary temperature it may be broken into frag- 
ments, but softens in the hand and melts in the month Cacad- 
butter has an agreeable odour, tastes like chocolate, and does not 
readily become rancid ,Xt dissolves m 20 parts of hot alcohol, 
separating almost completely on cooling, and is also soluble in etber, 
acetic ether, &e 

Cacao-butter owes its value for the production of pessaries and 
suppositories to the fact of its having a melting-point slightly 
helow the temperature of the human body (98° F = 36 , 6° C). 
According to most observers, it fuses between 30° and 33° C 
(rarely at 26°) to a transparent yellowish liquid, which congeals 
again at 20°— 21°, the temperature rising to about 27° C. 
According to the British Pharmacopoeia, the melting-point of 
cacao-butter ranges between 30° and 35° C. (86°-95° F ) 2 

1 It is to be regietted that the yellowish tint of oaoao-bntter is not more 
generally leoogmsed aB a natural characteristic. It is piobable that the 
quality of cacao-butter ib necessarily affected for the worse by any piocess o£ 
decolonisation, 

2 R Bensemaun (Zeit Anal Chem , xxiv, 628 ; Jaw Sac Ghcm Tnd'., 
iv. 535) has observed tbe melting-point of cacao-butter and the fatty acids 
resulting from its saponification, and finds the figiues for the latter iema\k- 
ably constant. Ho places a drop of the previously-melted fat or fatty acid in, 
the widei part of a piece of quill-tabing diawn out to a oapillaiy form aud 
closed at one end. The suhstanoe is allowed to solidify completely, and the 
tube is then attached to a thermometer and plaoed in watei, which is gradually 
heated, The temperature at which the substance becomes sufficiently fluid to 
rnn down into the oapillaiy part of the tube is called the point of incipient 
fusion, When the substance has melted and run down into the shoulder of 
the tube, and shows no trace of turbidity, the tsmpeiaturo recoided is the 
oonoludmg point of fuBion. Bensemann records the following 
results — 



rat 

ratty Acids J 

Source of Cacao buttei 

Initial 

Melting point 

Melting point 

Concluding 
Melting point 

Percentage of 
Insoluble 

Maraoaibo beans, 

Caraooas beaus, 

Trinidad beans, 

Portoplata beans, . 

Maohala Guayaquil 1 
beans, . . J 

25-28" 0 

28-27 

28-29 

28-29 

48-40° C 

48- 40 

, ,40-50 

49- 50 1 

40-50 ' 

51- 62* O 

61- 52 

62- 58 

52- 68 

62-63 

94*60 

96 31 

95 66 

95*40 

95 24 
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T M Clague has recently pointed out (Pham Join , [3], 
win 2 4.7) that the melting-pomt oi commercial cacao-butter extends 
over a considerably greater range than the above, and is matenally 
affected by the temperature to which it has been exposed Thus, 
the melting-point of ten trade samples ranged from 73°-9r F 
A sample expressed by heat direct fiom cocoa-nibs melted at 91°, 
while the fat obtained from the same mbs by extraction with 
ether melted at 83° F Similarly, the fat extracted by ether from 
a “ cocoaressence ” had a melting-point of 96°, while the cucao- 
buttei extracted by heat and pressure by tho same firm melted at 
7 5° F , thus showing that a cei tain amount of fractionation occurs 
m the ordinary process of extraction by pressure 

T. M Clague further obseived the following suggestive 
alterations of melting-point when cacao-butter was heated to 
various temperatures Nos 1 and 2 were ordinary trade samples, 
and hence had been already heated m the process of manufacture. 
No 3 was extracted by ether from unroasted cocoa-nibs, and hence 
excessive heating had been entirely avoided — 



keeping it at a temperature just undei 100° F foi two houis, 
The determinations of melting-points were made on metallic 
mercury, substantially by method e described m Vol II 
page 23 1 

Cacao-butter contains the glycerides of stearic, oleic, and a little 
launc, palmitic, and orachidio acids. C. T Kuigzett obtained 
from cacao-butter an acid of the formula C C4 H m 0 2 , which he 
named theobromic acid P Graf isolated 9 59 per cent, 
of glycerol, and detected a little eholesterm and small quanti- 
ties of formic, acetic, and butyric acids. 

1 T M Glaguohaa also described axponmontfl showing that determinations 
of the melting-point of cacao-butter by the capillary tube method are very 
gravely affected by the diameter of the tube employed. 
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The iodine- absorption of a large number of samples of 
cacao-butter from different sources baa been determined by P 
P 1 1 s 1 n g er (Qhem Zed , xiv 7 1 6), and found to range from 33 4 
to 37 5 The saponification-equivalent ranges a few degrees on 
each side of 280, which figure corresponds to 20 03 per cent, of 
potash (KHO) required for saponification. Pilsmger found the 
potash required to range from 19 2 to 20 2, and Weigmann 
from 19 84 to 20 3,0. An admixture of paraffin wax would reduce 
the percentage of alkali required for saponification 

The specific gravity of solid cacao-butter is variously stated The 
author found the plummet-gravity at 98° C to he 0 8577. Any 
admixture of paraffin wax would reduee this figure, while cocoa-nut 
oil would increase it 

Foreign fats m cacao-butter tend to alter the foregoing characters, 
but obseivations of the melting-point and specific gravity do not 
usually furnish satisfactory means of detecting such admixtures, 
Tallow is said to he capable of detection by saturatmg a cotton 
thread with the oil, allowing it to burn for a short time, and then 
blowing it out, when the odour of tallow becomes perceptible. 

A better test for tallow and other adulterants of cacao-butter is 
to dissolve 2 grammes of the fat in 4 grammes ( = 65 oc) of 
ether at 17°-18° C } and then immerse the closely-corked test- 
tube in ice-cold water Granules will separate fiom, or turbidity 
be produced with, pure cacao-butter, in not leas than 3 and more 
frequently m fiom 6 to 8 minutes, sometimes delayed to 10 or 15 
minutes , while if tallow or suet he present, a turbidity will appear 
at once, or withm 2£ minutes, aocordmg to the proportion of the 
adulterant, of which 5 per cent may thus he detected On expos- 
ing the solution to a temperature of 14° to 15°, it will gradually 
become clear again, or more rapidly at 20°, if the cacao-butter was 
pure, hut not if it was adulterated With & sample containing 5 per 
cent of tallow, turbidity occurs in 8 minutes, and the solution 
does not become clear below 22°, while with 10 per cent of 
tallow, the turbidity occurs in 7 minutes, and the clearmg-pomt is 
26° G This test is due to Bjorkland (Zed Anal Gkeni , ui 
233), and is adopted m the United States Fharmaeojwia Its 
value has been confirmed by other observers, of whom Lamhofer 
has pointed out that petroleum-ether maybe employed with similar 
results, except that the cacao-huttcr separates rather moie slowly 
than from ether, the deposit being always granular, while other fats 
render the entire liquid cloudy. The solution of cacao-butter in 
two parts of ether will remain clear for an entire day if maintained 

1 A failure to obtain a clear solution points to the presence of paioffln was. 
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at a temperature of 12° to 15° C. Tina modification of the test is 
prescribed by the German Phmmacopceia, and is due to R a m- 
sperger, who states that andme may be substituted for the 
ether. Tilsmger (Zeit. Anal. Gliem., xix 247) has described 
the following modification of the ether-test — Two grammes of the 
fat should be melted m a graduated tube with 6 c c of a mixture 
of 4 volumes of ether (sp. gr, 0 725) and 2 volumes of alcohol 
(sp gr. 0'810), shaken, and set aside. Pure caoao-butter gives a 
solution which remains clear 

According to % Dietrich, a very reliable test for the purity 
of cacao-butter consists in warming the sample with an equal 
weight of paraffin oil. A drop of the mixture is placed on a slip 
of glass, a thin cover applied, and the slide exposed for twelve 
hours to a temperature not exceeding 5 a 0. When then examined 
with polarised light, under a magnifying point of 20 diameters, the 
crystals of cacao-butter present the appearanco of palm-leaves, 
showing a fine play of colours with selenite An addition of 
10 per cent of beef-tallow causes the fat to crystallise m tufts of 
, needles, or circular groups of crystals, which exhibit a black eross ; 
while if mutton-tallow be the adulterant, it is stated that no cross 
can he seen. 


References to Photographs of Leaves. 

(See page 522 ) 

Plate I. 


1. OarnUw Tim Tea. 

2. Maratb wt Elegans 

8 EgnlobiiimAngustifohim. French 
Willow oi Willow Beib. 

4. Saha Alba. Willow 

5. neat ParaguuyeAim Paraguay 

Tea oi Biazilmn Holly 
0. Popufas Nigra Poplar 

7. Sambucm Nigra.. Elder. 

8. Ulmus Dampest) is. Elm. 

9. Eetula Alba, Buoli 

10. Trunks Spinosa. Sloe or Black- 

thorn. 

11, Pnigius Cm asm. Okeiry 1 I 

12. Ruins Idmis Raspberry. 

13, Oaptellta Sasangua. \ 


Plat e XI. 

I 14. Camellia Tim. Tea, 

IS. Ribes Grossulana, Gooseberry, 
[ 18 Rosa Oamna Dog Rose. 

17. Ooffea Aiabica, CoJfoo 

18. Oralcegus Oxyatmitha Haw 

thorn. 

19. Fiagana Vesca. Stt&wborry, 

20. Pyiits Mains. Apple. 

21. Qumeus Rdbnr. Oak 

22. Ribcs Nigrum Black Currant 

23. Fraamus Excelsior. Ab1j 
24 Fagus Syhaticn, Beech. 

26 Rubus Fniclicosus. Blaok- 
beriy 

20. Prmrn Cmmmis Plum. 
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Acetamide, 2 
Acetanilide, 63, 67, 68 

detection of, 69, 83, 84 

Aoeto-amidophenol, 68 
Aoeto-aniaidme, 68, 88 
Acetophenone, 68 
Acet plienethidme, 68, 81 
Aoet-phenyJhydraiane, 28, 68 
Add, acomtvo, 207 
amalic, 480 

— amidobenzene-snlphonic, 49 

amidonaphthol-sulphomo, 94 

andmo-sulphonio, 49 

atropio, 248 

borboi'orno, 112, 463 
— i.boheic, 601 

caffeic, 529 

— — oaffeidine-carbaxylio, 479 
caffetannip, 629 

— chclidamc, 166 

— chloiogenio, 529 

— ohrysatropio, 262 

oinchomeronio, 112, 165 

— ■ — ;l crochofulvio, 445 


— [ — cooatannic, 291 
— — oolumbio, 472 

comemo, 887 

cotarnic, 299 

— 7- dimethyl-parabonic, 481 
1-2 — dipicolinic, 112 

pjiemipimc, 298, 463 

n hydiochlono, as a ipagent, 145 

— p-hydioqTvmine-sulphonio, 425 

hydrastmic, 470 

igosunc, 384 


Aoid, isatropio, 246, 286 

isooocaio, 287 

r lsonicotwio, 111 

kinio, 445 

lencotropie, 263 

— — lutidimc, 112 

lycootomc, 226 

mecornc, 386 

„ detection of, 838, 858 

- — metatungstio, as a reagent, 137 

methylpnrabamc, 494 

nicotinic. 111 

nitric, as a reagent, 146 

opiamo, 208, 298 

— phosphoantunomc, as a reagent 
' 187 

phosphoroolyhdie, 136 

phosphotungstio, 136 

pieolinio, 111 ' 

picric, as a reagent, 184 

pyridine-caiboxylio, 110, 112 

pyiomeoomc, 887 

quinio, 445 

quinolinic, 112 

qtunovie, 444 

silicotnngstic, as a reagent, 187 

Strychnia, 384 

stryohnine-moiiosnlphomo, 363 

sulpbanilic, 49 

sulphomolybdic, as a reagent, 147 

Bulphoselemc, as a reagent, 146 

sulphovanadic, as a reagent, 148 

sulphuric, aa a loagent, 146 

tannic, as a leagent, 136 , 

tannic, m tea, 491, 616 

tiopic, 246 

tiimethyl-lhiocaibanno, 16 
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A okI, uric, colour-reaction of, 473 
Acolyctine, 224 

Aconine, 202, 204, 214, 232, 286 
Aconite, assay of, 228 

official piopauitions of, 199 

poisoning by, 230 

toxicological detention of, 240 

• various species of, 199, 201 

Aconitine, 207 

amorphous, 201, 215, 218 

anliydio-, 206, 213 

oharaoters of, 202, 209 

composition of, 206 

constitution of, 203, 206 

detection of, 211, 240 

determination of, 231, 233 

poisoning by, 209, 236 

saponification of, 133, 203, 213, 

233 

— ~ titiation of, 231 
Aoruhne, 123 

Alkaloids, aconite, 108, 201, 202 
■ behaviour of, with immiscible sol- 

vents, 164, 158, 169 

of belladonna, 203 

of boi liens, 461, 405 

of celandine, 206 

of cholidonmm, 296 

of cinohona, 391 

of coca, 270 

ooloui motions of, 144 

of dita bulk, 437 

effeot of, on the pupil, 160 

of eschscholtzm, 296. 

extraction of, by innmscible sol- 
vents, 164, 168, 169 
— extinction of, from plant piodnots, 
151, 160 

general preoipitants of, 184, 163 

—— of hemlock, 171 

of henbane, 260, 267 

of hydrastis, 461, 487 

isolation of, 161 

of lupine, 178 

mydriatic, 244 

— - of nux voinioa, 384 
— - of opium, 298 


Alkaloids of Remijia barks, 384 

oxidation colour-i eactions for, 149, 

314, 368, 469, 480 

physiological tests for, 149 

purification of, 162 

- — - i eactions of, with Ozumpohtz's 
leagcut, 144 

DiagendoiiFs leagent, 138 

Eidmaun’s longont, 148 

fomc thloiido, 148, 804, 313 

JFiuhdu’s reagont, 147 

JJ.igu's ic agent, 134 

liydrochlouo acid, 145 

Kumlrat’x icngont, 148 

Mayei's leagent, 138, 153 

Mm mo’s reagent, 138 

mt) ic acid, HC 

Si beildei’s leagent, 136 

Soimonxrhem's reagent, 136 

sulpliuuc acid, 146 

Wagon's reagent, 137 

Wmiuley’s reagent, 137 

7inc chhnide, 144 

slryi linos, 863 

Alpha-niiplith ylamino, 90, 91 
Alloxantin, 480 
Alstumne, 437 
Amido-benzono, 43 

sulphomc acids, 40 

napbthols, 94 

-napbthol-sulphoiuo auids, 96 

pdiaphenneotin, 86 

•pontaniothylbenzeno, 60 

phenols, 80 

thiophene, 03 

Amines, classification of, 1 

difttim tion of, 7 

feiroeyanidos of, 8 

— laaction of, with nitrous aoid, 7 

with aldehydes, 

separation of, 4 

Ammol, 16 
Ammoimun bases, 18 
An.ilgesin, 32 

Anliydio-aeointuio, 206, 213 

-bases of aconite, 205 

eegomne, 251 
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Anhydro-ti opines, 251 
Antifohiin, 68 
Antithermm, 81, 68 
Amtipyrine, 82 

chloral-, 88 

mtroso-, 34 

Antiseptm, 68, 71 
Apo-aconitane, 213 
Apo atropine, 251 
Apo-bnses, see Anhydra-baaas 
Apooodeiue, 324 
Apomorphme, 319 
Arginine, 167, 178 
Anorne, 893, 430 
Atisme, 220 
Atropamme, 244, 251 
Atropine, and its allies, 243 

anliydro-, 261 

constitution of, 166, 244 

pioducts of saponifioatiott of, 244 

reactions of, 254 

toxicological detection of, 261 

Azobenzene, 68 
Azo dyes, 42 
Azomude, 24 

Bases from tea, 89 
Belladonna, alkaloids of, 263 

assay of, 264 

composition of, 262 

— — extract of, 269 
Belladonnine, 244, 252 
Benzanilide, 72 
Benadme, 88 
Benzoyl-aconmo, 207 

-anliydio aconitine, 206 

ecgomne, 270, 282 

■ -japaconitine, 221 

-methylecgomne, sea Cocaine 

-pseudotropme, 244, 287 

— — -tiopme, 258 
Benzylaunne, 51 
Berbamwe, 461, 466 
Beibenne, 461 

salts of, 464 

Berhens alkaloids, 461 
Beta-naphthylaminc, 90, 92 


Brouiacotamlulo, 68, 71 
Bruome, 381 

constitution of, 168, 381 

dimtro-, 382 

leactions of, 382 

- — sopaiation of, fiom strychnine, 
366 

Butylamine, 14 

| Caffeioinb, 479 

carboxylic acid, 479 

Caffeine, 474 

assay of tea foi, 490 

constitution of, 167, 473 

detei ruination of, 484 

natiual occnucnce of, 474 

piesenoe of, in cocoa, 496 

proportion of, in tea, 492 

in coffee, 628, 552 

roactions of, 480 

salts of, 482 

solubilities of, 477 

Calumba loot, 471 

Complioi, compound tinotuie of, 868 
Canadme, 470 
Caibazol, 118 

Cevadmc, constitution of, 183, 166 
Cevine, 133, 166 
Cliauamidme, 893, 436 
Chan amine, 393, 436 
Chelidonine, 295 
Oholerythnne, 296 
Chicoiy, composition of, 638, 644 

detection of, in coffee, 640 

deteimmation of, 642, 546, 660 

Olnnolino, see Quinoline 
Chmovin, 443 
Chloial-antipyiine, 88 
Cholestioplinne, 481 
Chocolate, 561 
Choline, 18, 133, 167 
Cinchamidine, 433 
Cmclioleupone, 168 
Cinchona alkaloids, 891 

amoi plions, 433 

genqial properties of, 894 

propoition of, in bark, 445 
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Cinchona alkaloids, separation of, 463 

list of, 392 

barks, 440 

assay of, 449 

■ — composition of, 442 

propoition of alkaloids in, 

446 

Cinolionainine, 892, 486, 488 
Cinchona-led, 446 
Cinohoniemo, 486 
Olnchonidine, 892, 397, 428 

constitution of, 168 

determination of, 410, 418, 480, 

449, 469, 460 

homo-, 430 

hydro-, 482 

Cinchonine, 892, 397, 481 

constitution of, 168 

— — decomposition -produots of, 168 
— — determination of, 413, 469, 460 
— hydro-, 392, 432 
Omohotanmn, 444 
Cmohotenme, 168 
Oinohotine, 392, 432 
Cinnamyl cocaine, 271, 286 

ecgomne, 270, 272 

Coon, alkaloids of, 270 
— amorphous bases of, 287 
1 leaves, 290 

extraction of alkaloids from, 

292 

Cocaine, 273 

amorphous, 287 

cinnamyl-, 286 

commercial, 278 

constitution of, 166, 271 

i-,- - i -‘-of, 282 

— - — homo-, 286 

• hydroohloride, 277 

saponification of, 272, 282 

Oocarpine, 271, 272, 286 
Oooethyline, 285 , 

Cocoa, adulterations of, 661 
— *- analysis of, 664 

commercial, 661 

-butter, 668, 668 


Cocoa, composition of, 556 

essence of, 661 

husks, 556, 667, 661 

nitrogenous constituents of, 669 

Codamine, 294, 801, 804, 820 
Codeine, 294, 321 
Coffeo, 527 

adulterations of ground, 688 

beans, 633 

— - caramel in, 639 

composition of, 628 

detection of cluoory in, 640 

detection of staioh in, 541 

factitious, 636 

* imitation, 636 

parchment, 628 

physiological action of, 633 

roasting of, 630 

Colchicine, 166 
Collidines, 97, 109 
Columbin, 472 
Conohairammo, 898, 436 
Concuseomne, 803 
Conhydrine, 171, 173 
Conicemes, 174 
Ooniiio, 171 

assay of hemlock for, 178 

determination of, 178 

poisoning by, 176 

Conmm, 176 

I alkaloids of, 171 

tincture of, 177 

CoiKiumatnlno, 372, 427 
Conqumrao, see Qumidmo 
Cotainmo, 299 

i Oiyptopino, 294, 301, 304, 324 
Cumidmos, 69, 63 
Cuprome, 392, 397, 438 
— — constitution of, 169, 398, 439 

sepaiation of, 418, 438 

Ornare, 887 
Onranne, 871, 389 
Glume, 390 
Ousosmidine, 393 
Cuscamme, 893 
Ousconidme, 398 
Cusoomne, 893 
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Deuteiiopine, 295, 324 
Diamide, 22 
Diamidogen, 22 
Diamida-benrenes, 88 
Diamido-phenals, 83, 85 
Diantipynne, 31 

Diazo compounds, foimation of, 7 
Dicinclionicino, 893, 435 
Diethylamline, 73, 79 
Diethylene-diamme, 2, 100 
Diethyl-hydiaziue, 2G, 27 

-oxamide, 5 

Dimethylamine, 12 

leactions of, 10 

Dimethylawlme, 73, 74 

commei’cial, 78 

Dimethylmtrosamine, 7 
Dmaplithylene diamines, 93 
Dimtiobenzenes, 63 
Diphenylamme, 79 
Diphenylaniline, 79 
Diphoiiylene-diaimues, 80 
Diqumicme, 393, 435 
Pita baik, 436 
Ditamo, 436 
Ditamme, 436 
Ditoluylene-diammo, 87 
Dmrotm, 497 

Easton's syrup, 376 
Echitamine, 436 
Echitemne, 436 
Ecgomne, 283 

auhydio-, 284 

— — benzoyl-, 282 

constitution of, 160, 270, 284 

Ethyl diethyloxamatc, fi 

oxalate, 5 

Ethylannne, 14 

reactions of, 10, 17 

Etliylamines, 17 
Ethylnnilme, 73 
Ethyl-hydiazmo, 20 

moipluum compounds, 18 

— — stryehmum compounds, 19 

thalline, 121 

Euphoun, 68, 72 


Exalgm, 68, 71 
Extract of aconite, 229 

belladonna, 266, 269 

cinchona, 445 

cocoa, 561 

coffee, 553 

hemlook, 77 

henbane, 269 

nu\ vonuca, 386 

opium, 360 

tea, 506 

Flavaniltne, 69 

[ Foimyl-paraplienethuhno, 86, 373 

! Fuiluian, 113 

GfLSEMlNE, colonv-reaotions of, 145, 
146, 149, 437, 469 
Glauciue, 298 
Glaucopioime, 296 

Glncosidea, behaviour with immiscible 
solvents, 168, 159 

colom leactions of, 146, 147, 148 

Gnoscopine, 294, SOI, 324 

HrMLOCK, assay of, 170 

lessei , 176 

poisoning by, 175 

tmetme of, 177 

watoi-, 175 

Henbane, alkaloids of, 250, 267 

assay of, 267 

exhact ot, 269 

Herepathito, 138, 402, 454 
Homati opine, 253, 264 
Homoqiunme, 439 
Hydracotm, 28, 88 
Ilydiastme, 461, 467 

colour-ieactions of, 489 

Hydrastmme, 470 
Hydiazine, 22 

ethyl-, 26 . 

liydiate, 22 

phenyl-, 27 

salts, 23 

Hydiazmes, 22 
substituted, 26 
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Hydrazobanzene, 89 
Hydrazones, 30 
Hydrazomum compounds, 25 
Hydioacndme, 126 
Hydrocincliomdine, 392, 410, 480 
Hydroeinchonine, 392, 432 
Hydiocot amine, 294, 801, 804, 309, 
825 

Hydiohydrastmme, 470 
Hydroquimcino, 425 
Hydioquimne, 424, 410, 415 
Hyoaome, 244, 250 

reactions of, 254 

— *— saponification of, 244 
Hyoscyamine, 244, 249 

reactions of, 264 

saponification of, 244 

Hyoscyamus, see Henbane 
Hypnono, 68 
Hygnno,'289 
Imidazoio aoid, 24 
Immiscible solvents, beliavioui of alka 
lends with, 159 

— beliavioui of oignn'u, sub 

staneo9 with, 158 

— — extinction by, 164 

Inflatin, 196 
Ioilol, 114 
ludolino, 115 
Isodundmc, 80 
Isotropme, 270 

Japaoonitine, 202, 204, 220 
— r- benzoyl , 221 

saponification of, 204, 221, 233 

Javanine, 892 

Katrine, 120 
' Kairohne, 119 
Kakotehn, 383 
Kola, 554 
KymirniQ, 168 

Lanthopine, 294, 301, 304, 808, 326 
Landaninc, 294, 801, 304, 308, 826 
Laudanosine, 294, 301, 304, 309, 326 
Laudanum, 350 
Lobelia, alkaloids of, 196 


Lobeline, 19E 
Loganetm, 885 
Logauin, 385 
Lupamne, 179 
Lupine alkaloids, 178 
Lupinidine, 179 
Lupimno, 1G7, 178 
Lutidine, 97, 108 
Lyaconino, 224 
Lyacomtiuo, 202, 222 
Lyeoctomnfl, 224 

Mate, 626 
Meconates, 839 
Mcooiiarcemo, 827 
Meuomc acid, 338 

detection of, 338, 358 

Mocomn, 298, 335 
Moconidme, 294, 301, 80S, 320 
Meconoism, 330 
Metaplienvlouodiamiuc, 80 
Motatoluidine, 52 
Methacotiii, 08, 86 
Melbocodeine, 107, 290, 324 
Methyl chlomle, innnuluetuic of, Hi 
Methyl-acotnmhdo, 08, 71 
Methyl alloxantin, 494 
Metliilanuue, 9 

reactions of, 10 

Metbylaniline, 03, 71 

mtiosammp, 74 

paromtioso-, 74 

Methyldiplionylnnuno, 79 
Mothylplicnacotin, 84 
Metoxyhdines, 57, 59 
Monainnies, 3 

characters of, 8 

distinction of, 7 

scpai ation of, 5 

Morphine, 294, 309, 320 

assay of opium foi, 342 

colom-renotions of, 302, 805, 31 3 

constitution of, 1G7, 290, 311 

detection of, 813 

poisoning by, 356 

proportion of, in opium, 838, 

salts of, 311 
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Morphine, separation of, 306 

solubilities of, 301, 310 

toxicology of, 355 

Morphiometry, 342 
Mtirexide, 480 
Murexoin, 480 
Myoctonme, 202, 222, 225 

Naehthyi.amines, 90 
Naphthykmme-sulpliomc acids, 9 
Naphtliylena diamines, 93 
Narooino, 294, 301, 302, 303, 320 

constitution of, 299 

determination of, 306, 308 

Narcotine, 294, 298, 301, 802, 327 

constitution of, 107, 298 

determination of, 305 

Neunne, 19 
Nicotine, 179 

conetitution of, 164 

deteimination of, 161, 170, 182 

poisoning by, 183 

Nitianilmes, 60, 63 
Nitrobenzene, recognition of, 67 
Nitrosnminea, formation of, 7, 74 
Nitroso-antipyime, 34 

•dimothylanihne, 76 

Nitions aoid, action on monamines, 7 
Noinavcotine, 298 
Nux vomica, 384 
— — assay of, 885 
piopaiations of, 386 

Outhotoluibine, 90 
Opiaiune, 329 

Opiates, composition of vouous, 357 
Opionin, 386 
Opium, 832 

action of solvents on, 839 

adultorations of, 340 

alkaloids of, 29S, 333 

assay of, for moiplimo, 342 

composition of, 333 

— - detection of, 358 

extract of, 350 

poisoning bj, 355 

proportion ofalkaloh.lsm,333, 333 


Opium, tmctuie of, 360 
Opium alkaloids, 293, 333 

colour-reactions of, 802 

constitution of, 167, 296 

pioportions of, m opium, 333 

separation of, 305 

tabular list of, 294 

poisonous charuoteis of, 294 

Oiexiu, 122 
Ortlune, 29 
Oithotoluidme, 52 
Olthoxylidmes, 67, 59 
Osazones, 30 

Oxidation coloiu leactious, 149, 302 
314, 868, 469, 480 
Oxyacantlime, 465 
Oxydimoiphme, see Pseudomoipluue 
CKyliydiastinine, 470 
Oxyuaicotine, 294, 329 

Pauavertkf, 294, SOI, 302, 304, 3(nJ 
329 

constitution of, 108, 299 

Papoveiosine, 294, 329 
Parabiomacetamlide, 68, 71 
Paraguay tea, 626 
: ParaiulniQ, 63 
Pamxylidme, 57 
PaiegonC elixir, 363 
Parvoline, 97 
! Paytamine, 392 
Paytuie, 392 

Piazine, constitution of, 96 
Picohno, 97, 107 
Picracomtmo, 202, 204, 221 
Pioramide, 51 

Pilocaipine, synthesis of, 166 
Pipeiazidmo oi Pipeia/ine, 100 
Pipendine, 108, 164 
Piponne, 133, 104 
Pitiuine, 194 
Phenacetin, 68, 81 
Phenacoll, 68 1 
Phenethidmes, 81 
Plienanthridme, 126 
Thenazone, 32 
Phonylacotamide, G8 
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Phenylamlne, see Aniline 
Phenyl-aniline, 73, 79 
Phenyl-carbamine, 46 
Phonyl-dimethylpyrazolone, 32 
Phenylene-diommes, 63, 86 
Phenyl-hydiazides, 28 
Phenyl hydiazine, 27 
Phenyl-methylpyinzolouc, 31 
Phenyl-pyrazolone, 31 
Phenyl-uiathane, 68, 72 
Pinioning hy aeetflinlide, 71 

aconitine, 209, 286 

aniline, 44, 46 

antipyimo, 37 

apomoiphuie, 320 

atiopmo, 248, 261 

borbeime, 402 

biucme, 382 

—r— cocaine, 274 

cocamine, 288 

oodemo, 322 

conioeines, 174 

— — coniuo, 176 

ourare, 388 

otliylstryohnmm, 19 

hemlock, 176 

liydiacetin, 28 

hydrazine, 23 

hyoscyanm9, 261, 260 

laudanum, 825 

lobelia, 196 

Iupimne, 178 

metaplienylenediamine, 87 

mothaoetm, 86 

nicotine, 183 

’ opiate?, 367 

opium, 366 

opium bases, 294 

paraphenylenedianune, 87 

phenacetm, 83 

— protopine, 830 

— pyndine, 98, 103 

sparteine, 197 

spigelme, 198 

strychnine, 372 

tliebame, 881 

— — tobacoo, 188 


Poisoning hy toluyleno diamines, 88 

. vci mill -killers, 380 

Porphynne, 437 
Porpliyroxine, 296, 330, 386 
Piecipitants., genoi al, t'cn alkaloids, 134 , 
158 

Piopylannne, 12 
Pi otopme, 296, 301, 304, 330 
Pseudaconino, 202, 204, 219 
Fsoudacomtino, 202, 204, 216 

• auliydro-, 205 

saponification of, 204, 218, 231 

Pscudocodeiue, 823 
Psenrlomoiphino, 294, 301, 302, 330 

constitution of, 298 

Pseudoti opine, 244, 247 

benzoyl, 244, 287 

PiiGoine, 296 
Pyia/ine, 30, 96 
Pyi azoic, 30, 90 
Pyiazolincs, 30 
Pyrazolones, 30 
Pyndine, 96, 99 

ossiy of commercial, 104 

bases, 90 

caiboxyho acids, 110, 106 

detection of, 104 

liomologuos of, 107 

salts of, 101. 

Pyiidone, 96 
Pyioduio, 28 
Pyrono, 96 
Pynol, 90, 113 

methyl , 114 

totmodo , 114 

Pyrrolmo, 96 

Quimacdinp, 116 
Qumamioinc, 427 
Qmnamidine, 392, 427 
Quinammo, 892, 397 

constitution of, 169 

Qiunazoline, 116 
Quinelum, 448 
Qmniomo, 433 
Quiuidino, 393, 426 
detoinnnntion of, 420, 459 
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Quwidme. leactions of, 307, 428 
Quinine, 393 

constitution of, 168 

decomposition-pioducts of, 168 

determination of, ill baik, 449, 456 

— — distinction of, fiotn allied basos, 
405 

- — foimation from cupreine, 160, 398 

liydi o-, 424 

lodosulphate of, 403, 464 

— — non oitiate, 421 

pieoipitation of, as heiepathitu, 

403, 454 

tractions of, 400 

salts of, 406 

sulpliato, 406 

examination of, 408 

impurities in, 408 

syntlietu.nl isoniois of, 169 

tannate of, 420 

titiotme of, 423 

wine of, 424 

Quuioidme, 433 

lodosulpliate of, 454 

Quinoline, 114, 116 
tetialiydio ,119 

Resoi'ykin, 37 
Rluoadiuo, 204, 301, 831 
Rubidme, 9,7 

Sanquinaiiine, 296 

Saliom, coloiu leactions of, 146, 147 ; 

870, 409 
Salipyrm, 37 

Santonin, coloiu -reactions of, 148, 37< 

Scopolamine, 244, 251 

Seopolotm, 262 

Smapine, 133, 167 

Snuff, 193 

Solamne, occimence of, 262 

leactions of, 146 

Solvents, action of, on opium, 339 

on plant-constituents, 161 

immiscible, use of, 164 

Spaiteme, 197 
Spigelwe, 198 


Stramonium, 268 
Stiyolmme, 361 

assay of nux vomica foi, 385 

constitution of, 168 

detection of, 374 

monobiom-, 363 

-monosulphomo acid, 868 

oxidation test foi, 368, 469 

poisoning by, 872 

piepaiations of, 376 

ptomaine simulating, 371, 875 

reactions of, 384 

sepaiation of, fiom brucine, 36b 

-i — toxicology of, 872 

vermin-killers containing, 878 

Stijclmos nux vauuca, 384 
Styloplioune, 296 
Sulphamlic acid, 49 

Tax b ism, 30 
Tea, 499 

adultoiatious of, 509 

alkaloid in, 419, 492, 504 , 

Arabian, 527 

asli of, 611 

Assam, 606 

Bnsli, 603 

Cape, 603 

caper, 620 

catecbn in, 619 

Ceylon, 606, 512 

China, 512 

cliloi opliyll m, 505 

composition of, 601 

essential oil of, 601 

exhausted leaves in, 513 

extract of, 606 

facing of, 522 

— - toieign leaves in, 622 

Indian, 503, 612 

infusion of, 605 

Japanese, 602, 606 

Java, 612 

leaves, lecogmtion of, 623 

lie-, 620 

mineral adulterants of, 610 

moisture m, 604 
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Ten, Natal, 503, 612 

Pataguay, 626 

prcpaiation oi, 499 

sloe leaves in, 602, 606 

tannin in, 516 

tasting, 507 

Tiebizondo, 627 

Tannin, m coilec, 629 

in tea, 491, 515 

inactions of alkaloids with, 136 

Totin alkylated ammoniums, 18 
Totruliyilio beta naphthykmmu, 02 
Totraiodo pynol, 114 
Totutliyl ammonium compounds, 19 , 
Thallewqum leaction, 408, 307, 401 
Thalline, 120 

etliyl , 121 

Tiiobaine, 204, 331 

colour-reactions of, 302, 331 

constitution of, 167, 296 

determination of, 808, 307, 382 

—— solubilities ol, 301 
Tlieobiomino, 402 

chsraetels of, 493 

constitution of, 402 

determination of, 494 

W tea, 480 

— — propm tion of, in cocoa, 40b, 558, 
560 

Theophylline, 498 
Thcnnifugm, 122 
Thai mine, 92 

Tincturo of camphor, compound, 368 

aconite, 229 

belladonna, 266 

conium, 177 

hemlock, 177 

henbane, 268 

— — nux vomica, 367 

opium, 360 

qiumno, 423 

Tobacco, 184 

asb of, 186, 188, 180, 190 

combustibility of, 190 

— - composition of, 184 
— -- extract, 193 
mtrogon m, 187, 189, 190 


Tobacco, poisoning by, 183 

smoke, composition ul, 192 

Toluliuo, 90 

Tnluiduio, commcicia.1, 64 

density of, 56 

oxalates, 63 

phosphates, 5 1 

Tiilmdmes, 41, 51 
Toluylone-diummus, 87 
Tiuiinnloplienol, 85 
Tnnictliylatmne, 12 

lijdiocliloudc, 16 

leaclions ol, 10 

Tuplioitylamino, 80 
Tuplimiyhosamluic, 01, 66 
Tritopmc, 294, 801, 332 
Tiopomcs, 248 

aitilicial, 253 

sapoinllcation ol, 24 1 

Tiopino, constitution ol, lb5, 24b 

benzoyl-, 253 

pi opoi tics of, 216 

pseudo , 247 

salioyl-, 253 

tonulliM, 271, 281 

Ulilo Aum, coloui-icactlou of, 480 

VLiuniran, constitution of, 133, lb8 
Veimin-hilleis, 378 
Vmasses, 13 
Vnidine, 97 

Wine of quinine, 424 

XaN’jhine, constitution of, 473 

eolour leaction ol, 481 

dimethyl-, 473, 492 

derivatives ol, 473 

isolation of, Worn tea, 473 

- — tumetliyl-, 478, 474 
Xaiithopuceme, 471 
Xcnylamino, 63 
Xyhdmes, 67, 63 

Yeiuja, 526 
'Yopan, 627 
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Page 4. Sepal ation of Methylammes M Del op me, Ornnpt rend., txxn 
10G4, 1272, abst Jouu Glum. Soe, lxx i. 519, 588, Ixxu. i. 586 , 
Chim Pltys , 1896, p 439 

Page 9. Goloiu leactions ot Aiotnatic Amines with lead oxide C Dauth, 
Ccmipt tend., cxi. 975 , abet JOS, lx 433 
Page 9 AnalysisofinixtuiesofAmmomaandMethylamines H (Juantin, 
Cmnpt i end , cxv 561 , abet JG S , lxtv 104 
Page 9, Pi opai ation ot Etliylarame and Metliylamine Tull at and 

Fay o 11 at, Bull Soe Gkim,\i 22 , abst Phaim Join,, xxiv 621 
Page 9 Preparation of Methylnmine B i o e li o t and C a in b l e r, J 

Pharm ct Glum, 1896, n 172 , abst JGS , lx\ i 7 
I’agu 12, Picpaiation of Timiethylannne F Clia no el, Gompt tend , cxiv 
756 , abst, J CiS , Ixn n 804 , J Bull Soc Ohm , [3], vu 405 , abst 
JGS,, lxiv i 249 

Page 15 Separation of TnmetliyUmino from Ammonia H Fleck, Amer 
Ohem Jew., xviu. 670 , abst JC S ixxu u 168 
Page 22. Manufacture of Hydiazme Jim Sot Glicin hid , xi 370 
Pago 22 Determinationof Hydrazine H of m an naild I£ ilspei i,BentMe, 
xxxi 64 , abst Analyst, 1898, xxm 95 
Tago 28. Pioducts of oxidation ol Phenyl-hydiazme with Folding's solution 
S t r a o h e aDd K 1 1 1, Monatsh, xm 316 , abst. J C S , lxu li. 1322 
Page 28 Determination of Phenyl-hydiazmo H Causse, Bull. Soe, Chun , 
xix 147 j abst Analyst, 1898, xxm 95 
Page 28 A oolonr-ioaction of Phenyl-hydrazine L. S i m o n, Compt. rend., 
oxxvi. 483 , abst, Analyst, 1898, xxm 181 
Pago 30 Use of Phenyl hydiazme foi the detei mmation and differentiation of 
Sugars. M a q u e n u e, Compt i end,, exu 799 , abst. J C S , lx. 1142, 
Pago 32 Doteunmation of Antipynno, C Kipponbergei, Zeit. anal 
Ghent , xxw 669 , abst Analyst, 1897, xxn 219. M F Schaak, 
Amer Jour Phai m , lxvi. 821, C81 , abst. J.S.G 1 , 1895, xiv 199, 773 
Page 68 Determination of Paia-toliudinc, G A. Sohoen, Zeit anal 
Ohem , xxix. 86 , abst, JOS , Ivin 839. 

Page 54 Sepal ation and determinationof Aniline and Toluidme Dobriner 
and S chi an z, Zeit, anal, Ghent., xxxiv. 734 , abst J S G.I,, 1896, 
xv. 298 
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Pago 54. Examination ot commeiualToluidino F F Rn a be, Chem Zed,, 
xv. 116, abst. J SCI, x, 488 

Pago 67, PropoitaeB ot Paiaxylidine R Michael, JJeudUe, \xvi, 40, 
abst, J C S , Ixi v. l 198 

Page 69. Dotenmnation of comineiciulXylidincs \V. V a u 1i o 1, Zeil anal. 
Ohm , xxxvi, 285 , abst J S O.I , 1897, xvi. 639. 

Page 63, Assay of Alkyl-amhuos. W. Voubol, Chem. Zeit , \vu. 466 , 
abst, J O.S., lxiv 606. 

Pago 64 Analysis of Aniline Oils. II Re l u lift i il t, Oh cm Zed. xvu. 
413 ; abst. Analyst, 1893, win. 160, 

Pago 68. Micro-chemical tests foi Acotamiule, Plieimcctin, etc 8 c h o u p p, 
Pliaim Zeil , xlu 106 , abst. J.SC.I, 1897, wi 361. 

Page 68 Detection of Acetamhilo m synthetical rcint'dics. F. X M o o i k, 
Ann Join. 1’haun , 1896, p, 394, 

Pago 68 Properties ot Plienocell liytli oclilontle. S ch c l i u g, A path Zed , 
vi. 249 , abst J S.C.l , x, 790. 

Page 60 Examination ot Acetamlulo C P 1 ,i 1 1 ,4Jum Anal and App, 
Chcm , vu. 77 , abst Analyst, 1896, xxi 138. 

Page 60. Detection ot Acetanilide. F. X M oei lc, A me/. Join P/iann , 
1896, p 889 ; abst. Analyst, \xi 291 Hco also Analyst, 1896, xxi 69 
Page 76 Action of acetic anhydude on Dnnethylamliue U c v e i d i n ami 

de la Hai pe, Bull Hoc Ohm , vn. 211 , alist JOS, lxiv l 23, 
Pago 81 Dulcinc. See Vol III Pt, m. page 279 < l sty 
Pago 82. Pieparation and ehaiaeteis of Phenucotiu, Phaim. Jour., 1899, 

l 612 

Page 82. A teaction for Phenacetui. Autunioitli and lliusbeig, 
Arch, de Phaim , etxxix. 456 , absL Analyst, 1892, xvh. 66, 

Page 83 Colour-reactions foi Phenacetui, Metliacctin, etc, in nnxluies 
T 6 Selim, Chem Zed, wi. 868 , abst JS.U.I., 1893, xti. 466, 
Page 83. O ua sti states that Sell wait /a test lor tlio detection ol Acut 
amhdo is mu ehable See JOS,, lxvi. 432. 

Page 88. Physiological action of Tolnylcne diiimme, IV, II untei, Jour, 
Pathol and Badenol , 1895, p 269 , abst. J.G S,, lxvm. u 15b, 

Page 89 Detei mniation of Beu/nUno and Tobdnie W Vaubol, Zed 
anal Chem , wxv 163 , abst. J C S , lx\ u. 507. 

Page 91 a-Naplitliyliiniino has not much smell, the disgusting odour com 
monly ascubed to it being mainly duo to impiuities, A pine aiticlc 
having a molting point of 47" C. is now made on a conimuimal scale 
Page 92, Assay of Naphthylaimne sulphonic aculs. \V. V a u b e 1, Chem, 
Zcil., xvn. 1265 , abst J.C S , lxvi u, 74 
Page 92 Piepaiation of g Naplithykniine-bulphoiiic acid. A G Gioon, 
JS.OJ, 1889, viu 878 , 1800, ix 9J4, 

Page 103. Action of cadmium salts on PyiuUne aud I’lpeiiduie R. Vaiet, 
Compt rend , cxv 464 , abst J.O.S., lxiv. i 43. 

Pago 103. Action of tannin on Pyudme and Piperidine O. il e O o n t n c k, 
Compt. lend , exxiv. 506 , abat. J S C l, 1897, xu 470, 

Page 106 Pipeudino and Fipoiaxmo, See also Vol. JII Pt. in., pp 38, 194, 
Page 107 Piopcrties of Piperidine Uiate Tiuiuioliffo and Rosen- 
heim, Brit Med. Jour., 6th Fcbinaiy, 1898, 
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Page 107 Potassio iodide of bismuth pieeipitates Piperidine from its solu 
t(ons oil concentration and cooling, in the foim of thin, tiansparont, 
yellow, hexagonal plates, of ohaiactenstic pncioscopio apiieaiance. 

Page 114 Souice and propel ties of “lodol ” A. T r i 1 1 a t, Manit Scicnt, 
1892, p 838 , abst JSC.I,xi 1030 

Pago 129 Micro chemical recognition of Alkaloids L Enava, Vim in 
Join , xxm 48 H Barth, Phaim Join., 1898, n. 635, 1899, i 360 
Vadani, J Mann Chim , 1896, [4], 485 , abst. J 8.C I., 1897, xvx. 
185. 

Page 130 Titiation of Alkaloids L. F Keblei, Amo Jour Phaim, 
lxvn 499 , abst. Chon News, lxxiu. 298 H Blown, Phaim, Joui , 
xxv. 1180, 

Page 130 Action of acids on Alkaloids A. H Allan, Chem News, lxvi 259 
Page 131 Volumetric determination of Alkaloids, E L c go r, Compt ie nd., 

cxv 732, abst. J S.C 1 , 1898, xn 470 
Pago 131 Titiation of Oiganto Bases with methyl orange. G Lunge, 
Chem Jnd., xvi 490, abst J.8CI, 1894, xni 667. 

Page 185 Tannatos of Alkaloids aio soluble m glyccun This allows of a 
ready sopaiation ot the alkaloids fiom albumin, (0 Kipponbeigei, 
Analyst, 1895, xx 201 ) 

Page 137. G. Beitiand (abst Pharrn Join ,1099,1. 603) siaongly recom 
meuds Silico tungstic acid as apiecipitaniot Alkaloids 
Page 188 Dohcacy of Mar mi’s reagent foi Alkaloids. SVoiven , Ann. 

cle Phaim , xm. 146 , abst. Analyst, 1897, xxn 241. 

Pago 188 Alkaloidal Pei iodides Deteimmation of Alkaloids Prescott 
and Gordin, An m. Join Phaim, Ixx 439 , lxxi. 14, 18, abst. 
Analyst, 1898, xxtn 324 , 1899, \xiv 74, 76 
Pago 189 Volume ti ie determination of Alkaloids I,. Bui the, Compt 
send , cxv 512 , abst. Chem News, lxvi 223 
Page 139. Volnmetiic deteimmation ot Alkaloids P O Plnggo, Compt 
rend., cxv 1012 , abst JC8, lxiv n 199 
Pago 151 Determination of Alkaloids Grandval and Lajoux, J. 
Phaim, et Chim , xxvm. 99 , abst J.C S , lxiv. u 608 H A. D 
Jowott, Pharrn Jour., 1899, i> 377. 

Page 161 Examination of decomposed human leniama for Alkaloids. 0 
1 lvippenbei ger, Zcit anal. Chem, xxxiv 294 , abst J C 8., 1895, 
Ixvtu. u 466 

Page 151 Deteimmation of Alkaloids K Dio touch, Pharrn Ant, 
xliv. 242 , abst Pharrn , Jour , xxv. 962 
Page 151 Isolation and deteimmation ol Alkaloids C Kipponbeigei, 
Zed. anal Chem., xxxv 10, 407 , abst J G 8 , lxx n 681, 682 , 
Analyst, xxi 181 Fai i and W l lglit, Phaim Join , 1897, l 202. 
Page 154, Detection of Alkaloids, Hilger and Jansen, Zeit. anal 
Chem , xxxvi 344 , abst. JCS , Ixxil u. 436 
Pago 160, Foi tbe separation of Alkaloids in foieusic cases, C ICippen- 
belgev agitates the alkaloidal solution, fiist with sulphiuio acid and 
chloroform , then with caustic soda and chloiofoim ; next with sodium 
bicarbonate and alcoholic chloiofoim , and finally satmates with sodium 
chloride and agitates with ether ohloiotoim, which last ticalmeut ie- 
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moves Stioplunfclnn. (Zed anal Ghem , 1895, p J9 i , abst, Analyst, 
1895, xx 201.) 

Pago 160. Glaus’ method of Tea assay is valueless Compute page 18b. 

Pago 161, Lloyd’s pioeoxs is stated to give more loliahle lesults than 
any othei lapid molhod of Alhuloidal Assay (Nichols and 
Hoiton, Jour anal and Apjd Chnn , \i 162 , ahst J S G.I , 
1893, \u. 68). 

Pago 173. New tost for Uoiinie Van Ren us, absl. Ana! list, \v 79. 

Page 174 PioparohoiiaiulPiopeituiaafCoinceuio, Comm , etc Lcllmanti 
and M til 1 o i', Bet ichte, win 080 , nbst ./. C S , lvm. 802 

Page 176. Volmnctue determination of Comuu and Nicotine m the same 
solution, G. Hout, At eh ilc Thtttn i , ccxxxi. 370 , ahst J G A., Kiv, 
608 

Page 180 One c.c of annual hydiouhluue oi siilphuiu acid is nuutialiscd 
by 0 lb2 gramme of Nleotiuo, when methyl-mango is used as the 
indicate!. 

Page 182, Datenmnatimi of Amnionia mid Nicotine m Tobacco. V 
Vedrodi, Zed anal Ghem, 1896 , abst Analyst, 1895, \\, 265 
R. liisslmg, Zeit anal Chem , wxiv 731 , abst. JS.GI,, 189b, 
\v 300, A Pessoluto, abst J C S,, 1\ 771 

Page 184 Analysis of the Tobacoo-pluit It ,1 Davidson, abst, 
J O.H., lxiv. u. 38 

Page 190 Composition of Tobaccos H H Co\, Pliann Join , x\iv 589. 

Page 192 Composition ol Tobauuo smoke A, Uuutioi, Cniniit tenil, 

cw. 992 j abst. J.G S , Kiv l 220. 

Pago 193 Examination ol Tobacco -extinct J. PiniUle, Glum. Zat., 
xvi 178 , Analyst, 1892, xvn 178. 

Page 195 TmctiU'e of Lobelia J If. Llvcisoege, /‘harm. Jour 
lv 141. 

Page 198 Em papas on the Aednile Alkaloids by Dun stun, Umney, 
DniistanandCaii, eti., sec Jour. Ghem Hue , lxi. 385, 39J j Kill, 
448, 491, 991 , lxv. 170, 290, lxu 308 , 1\\ i, 192 ; lxx n. 283 j 
lwi 360 Jour Sot Cheni lud , xi 306, I'htnm. Join , xxn, 488, 
xxui. 86, 626, 765, 1045, xuv 681, 729, 735, 891, 910, 035 , xxv. 
773, 860, 928, 1117 , 1896, i 121 ; 1898, i, 323, 

Tagu 220. Tho ox ti action, composition, awl pioperliea of Atibino and its 
salts HAD Jouott, J.Q.S , Kix, 1518 

Page 244 and 260. O Hesse has shown that Hyosciuo probably 1ms the 
1 oi inula C„H al NO J , and by sapoinhoation yields tlie base ns Lino 
CsH w NO a , and not p s e ml o Ir o pin o (Ann. det Chime, eclwi. 100; 
abst Hut t m. Join , [3], xxm 221) 

Page 247 Some new Gold Salts of tho Myduatn, Alkaloids It, A D 
Jowett, JOS, Km 679 

Pago 251 . For lnfoimation lospeeting Apo-ntiopuie, Atiopanunc, Bella 
donmo and Scopolamine, see papeis by E Schmidt and O. Hesse, 
ahst. Pharm. Jour,, [3], xxu 1021 ; win. 221 , [4], 1890, i. 383. 

Page 254, Separation or Atiopmo and Hyosoyamino O Hoc so, abst 
Phatm, Jour., [9], xxui. 201 

Page 268 Test for distinguishing Atiopine fiom Strychnine D V 1 1 a 1 1, 
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Chem Gent / , 1894, u. 816; abst. JOS, 1896, lxvm n 467, Zeit 
anal. Ohm , , xxxvm. 184; abst. J SO 1 , 1899, xvm. 404. 

Tage 281 Toxicological deteotion of Ati opine and its allies Ciottoand 
Spica, abst. JOS., lx 772. 

Page 261 Deteotion of Ati opine m forensic cases V So] stein, abst 
Analyst, 1897, xxn 102. 

Page 264. Assay of Belladonna W A. Pucknei, abst. Pharm, Jour , 
1898,11 97 

Pago 266. Assay of Belladonna plasters. 0 E, Smith, Amor Jour. 
Phaam,, lxx. 182. 

Pago 206 Assay of liquid extiact ot Belladonna H Wilson, Thai m 
Join , 1898, i 450 E Dowzaid, Chemist and Druggist, 1899, 
p. 401 F, 0 J. Bud, Pharm Join , 1899, l 432 

Pago 272. Isolation of Cocaine from accompanying alkaloids. E l n li o i n 
and WillBtattei, abst JOS , lxvi. i, 478 

Page 274 Test foi Cocaine Schtugee, Ohm Genii., 1893, u. 888, 
abst. J C.S., lxvi u. 127. 

Pugo 274 Piopeitiee of Eucame and Cocaine. G. Vulpius, abst 
J.SCI, 1896, xv 679,746 P Silex, abst J S C T , 1897, xvi 631, 

Pago 274 Reactions of Cocaine J C Stead, Phaim Join , xxii, 902. A 
K u b e l n e, Pharm Oenti , xxvm 411 , abst J SOI, 1893, xu 380 

Tago 274 Detection of Cocaine in poisoning cases, H W Glasouap, 
Chem Caih., 1894, n 220 , abst J OS., 1895, Kvm n 336. 

1’iige 274. Foi the detection ot Cocaine, A KubornoJun (Ghem News, 

, lxvn. 254) lcconimendsthat 1 o c of mtiio acid (1 42 sp gi ) be added 
to the substance in a poicelain dish, and the liquid ev.ipoiatcd at 
100° C. When oold, a diop of alcobohc potush is aildod No colour is 
produced in the cold (distinction fiom atiopme), but when heated on 
the water-bath, an mtenso violet coloiation is suddenly piodueed. 

Pages 277 and 283. Reactions of Cocaine and Eogonnie. DVi tali, abst 
JOS, be 1661. 

Page 280. Charaoteis of Cocaine liydiochlonde Paul and Cownley, 
Pimm Jaw , 1898, i 686 

Page 280, Test foi the piuity of Cocaine salts. GL Schafer, A J 
Cownley , Phaim. Jour., 1899, i 386 

Pago 280, A new Alkaloid in Coca leases, G L Schafei, abst Pharm 
Join., 1899, 'i 369 

I J a"o 280 Maclagan's ammonia tost foi the piuity of Cocaino hydio- 
° clilonde. gee absts. Pharm. Jouu, 1898, l 449, 473 , 1898, li. 26 , 
1899, l 4S1 

page 287 Pioperties of Beiwoyl-pseudotiopine and its salts Phaim, Join., 
[3], xun. 241 

Page 293 Assay of Hind extiact of Coca. C T Kingsley, Amcr, Jowl 
Pharm , 1896, p 609 , abst Analyst, 1897, xxu 77 

Page 293 The authoi was indebted to Ml D B Dott foi ponisal and 
collection Df the section on Opmm Alkaloids. 

Page 295 Assay of Sangumaria and its piepaiations C H. La Wall, 
Amcr Jom Phwi'in , 1896, p. 306 

Page ‘295. Reactions of Chehdonilie witli phenols J. A Batttmdier, 
Cam.pt, lend , exx 270 , abst. J.C S , 1895, lxvm. in 386. 



688 AbDBSDA. 

Piigo 300 Solubility of Moiplime aiul Naiootiuo. E. L. Patch, Amcr 
Jour Phaim , 1808, p 563 

Pago 305. Detection of Alkaloids by the S tns-0 1 to method. R Otto, 
Aich tie Phaim , crxxxiv 317 , abst J C S , hx. n 508 
Page 312 Douvativesof Moiphme (Merck’s Depot t, 1898 ) Pham /Sul 
xhv., 117 ; abst JSC I, 1800, xvw 305 
Page 312 Piopoitios ot Diomnc L Hosso, Pham . Ccntr , \1, 1 , nbst 
Analyst, 1800, xxiv 128. 

Page 31 8. Colom tests for 51m phme G, 13 1 u y I a n t s, ,7, Pharm, cl Ohm , 
May 1st, 1895 , abst Pimm Join,, xxv, 1123. 

Pago 318 Reactions tor Muiphiuo. G Bruy la n Ls, Hull, Sac. Ohm, 
xw 497, abst, J.C S., Kx n 182. 

Pago 315 The Pm fin al reactions of Alkaloids. N. \V o n d e i , Chan Zed , 
\vri 850, abst J S.C 1 , 1893, xu 869 
Pago 316. The determination of Moipluue. 0 Rippcubcigci, Zed, 
anal Chcm , xxxv 421 , abst Analyst, xsii, 42, 

Pago 318 The detovniinalion of Alkaloids in Naiontir extracts, ,T. H 
Schmidt, Ghem Zcit , xvi 1275 , abst J S C.l , M)'i, \u 470 
Page 316 Titiation of Mol pin ne Oaiiocpiii and van Eijk, Pull. Soi 
Chm , ix 437 ; abst J C.S , Iviv. n, 607. 

Page 317 Fenicyauide test foi Moii>hui« Si hum, Aich. At, Phaim , 
c> x\\.iv 348, abst. Phaim Join , 1890, n. 01, 

Page 821 Examination ot Codeine Tain bach and Henke, Phiu m 
Guile , xxxvm. 159 , abst Analyst, xxn 219 
PiigeJ23, Scpaintion of Codomo and Morphine. L. Fo nquut, J Phaim 
cl Chun,, xvn 49 , abst J S C 1 , 1897, xvi 160 
Pago 327 Reactions for Naucmc mid Papavei me. O Rip pen boi gev, 
Zed anal Chcm , 1805, p. 294 , abst Analyst, 1896, x\ 201. 

Pago 831. The ehomistiy of Tliub.une, M Pie u u d, Bu aide, 1807, p. 11 , 
abst JOS , Ixvin. i. 117 ; Ixxu i 404 
Pago 840 Dotoiminution of staroli and stiontuim sulphate m Opium. 

Kebler and Da W nil, Anw Join Phaim , 1897, ]i 214. 

Pagu 342. Assay of Opium I) B. Dott, Phaim Jmn., [3], \xiv. 847, 
Page 342 Assay of Opium and its pupaiations. Gi andvii 1 and Lhjoux, 
J Phan w. et Chun , 1897, p 163 , abst J SO. L, 1897, xvi 266 G. 
Do off, A folk Zcit , 1896, n 192 j abst. Analyst, xm. 103, P, X. 
Momk, Amec Join. Phium, 1897, page 341. E, J. Mill aid, 
Phaim, Jim , xmv 881. D B, Dott, Pharm Jour , 1892, p, 746 ; 
1894, p 847. O, Con 1 1, Phaim Join , 1894, p 954 , 1896, u 75 
Pago 361 Assay ot Laudanum. L F lv abler, Amcr Jour Pharm., 1893, 

p 200 

Page 356 Tests foi Moipldne m foi ensie cases D L. Davoll, Jun ,A inei 
Ghem, Jour , xvi 709 , abst Analyst, xx 38 J. B, Nagolvooi t, 
Amo. Jour. Phaim, , 1806, p 374 

Pago 363. Liquor Stiycbmiue Hydiochlondi (B P , 1808), Mar tin dal a, 
Lnuau, and others, Pham Jow , 189S, i. 687; 1898, n. 19, 43, 
67 , 1899, l. 120. 

Page 363 Watoi of crystallisation of Suycbnino Hydioobloiide. D. B. 
Dott, Pharm. Jow , 1899, i 63 VV. H. M at t i n d a 1 e, ibul , p, 120. 
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Pago 364. Alkaloulal oontent of Stiychmne salts W. Duncan, G. 
Could, Pharm Jour , xxu 843, 846 

Page 864 According to D. B Dott [Pham. Jour, [3], xxm. 197), the 
solubility of Strychnine Hydioehloride in cold water Is 1 m 35 

Page 864. Detection of Strychnine in foiensic eases A. S On slim an, 
Ohm. Centr , 1894, u. 461 , abst. J C.8., 1895, lxvm n. 642 

Page 367. The following Alkaloids are not precipitated by potassium feuo- 
eyamde — atiopine, codeine, emetine, narceine, spaiteme, “veratune” 

Page 368. Action of snlphmic acid on Strychnine. Bailey and Lange, 
Amei Jour Pharm., 1898, p 18 

Page 368 Examination of the Oxidation test for Stiyohmne Mason and 
Bowman, Ainer Chem. Jour , xvi 824, abst J 8 GP, 1895, xiv 318. 

Pago 368, Detection of Stiychmne H Bockurts, Arch de Pharm , 
abst Phaim Joui , xxiv. 2 

Pago 383 Colour-ieactions of Biuome. P P i c h a r d, Compt i end , c\> m, 
690 , abst Analyst, 1897, xxu 47 

Pago 384 The Brucine anil Strychnine in nnx vomica seeds exist in separnto 
cells Sauvan, J Pharm, et Chun , vi l 497 , abst Phaim Joui., 
xxv 1090 

Page 886 Deteinunation of Nnx Vomica Alkaloids. C C K e 1 1 o i , Apolh 
Znt., viu 642 , obst. JSC I,, 1894, xui 1106. 

Page 388 Most specimens of Cmare contain mptliyl stryohnine, which is one 
of the most active ingredients See E Anqneti 1, abst Phaim. 
Juun, xxm. 624. 

Page 390. Test for Cinchona Alkaloids Jawoiowski, J. Phaim et 
Chm , 1896, page 663 , abst J.C.8., lx\ n 629. 

Page 401 Modifications of the Thalleioqmn loaction J. Ducommon, 
Chm Zeit , 1896, p 214, abst Analyst, xx 284 F S Hyde, Amci. 
Ohm, Jour., xix. 881 , abst. Analyst, 1897, xxn 266 

Page 401, A reaction foi Qmmne. C, Can ex, J Phaim el Chm , 1896, 
p 268 , abst J C 8 , lx\ n 684 

Page 402. Deteinunation of Qmmde L Baitlie, Compt lend, cxv 
1086 , abst. JS.CI , 1893, xil 380 

Page 403 Titration of Qmnme L F II e b 1 e i , A mer Chem Jour , 1895, 
xvu 822, abst J.C8,lxx n 551 A, H Allen, Analyst, 1896, 
xxi 85 

Pago 403, The basicity of Quinine Howard and Howaid, Pharm 
Joui , 1898, l 154. 

Page 408. The testing of Quinine Sulphate. M. K u b 1 i, Chem Centr , 
1895, n. 1058 , abst. J C.8., lx\ n 550 , k\u. u 168 O IIosso, 
Arch de Pharm , ccxxxiv. 196 , abst J.C S , Ixx n 510 

Page 408. A test foi the punly of Qmnino Sails J. de Vrij; abst. 
J.8 C 1 , 1897, xvi 165 

Page 408. Tests for Quinine. T. G. Woimley, Amer. Joui Pharm., 
lx vi 661 , abst, Pharm Jour., xxv 642. 

Page 445. Assay of Imctuie of Cinchona. Fair and Wright, Pharm 
Joui., xxin. 248 

Page 445 Valuation of Cinchona Extract. M L Hnlsehosch, Chem. 
Centr., 1896, l. 141 , abst. J C.S , lxx n 682 
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Page 449 Determination of the Alkaloids m Cinchona Baik. M. L 
Hulselioseh, J’haim. Conti , xiv 289, abst J S.0 1 , 1806, xv 887. 
W, Hauhensaok, Thann Cenlr., xxxn 294, ahst J B C.I., 1892, \i 
779 J H Schmidt, Chem Zeit , xvi 307, ahst J 8. Cl, 1893, mi. 
467. W. Leu/, Zeit an nl Chem, wxviu 141, abst J S C I,, 
1899, xvm. 408. H. 14 ki oos, Auh de Pharm , 1898, p, '328; abst 
Aim •Tbiw Platini , Apnl, 1899 

Page 407 Constitution of Hydiastuu and its deuvatives Fi'ltsch, 
Licbufi Annalen, colxxxvi. 21 , abst riiavm ,/oui , \xv 1193 

Page 487 Piopeities of the Alkaloids of Uydiaitis Canadensis K, von 
Bunge, Chem Cenlr , 1805, i 1173 ; ahst. J C.S , Ixx ii 492. 

Pago 407 The Chemistiy of Hydinstino and its salts, Freund and 
Doimeyci, Berieh/e, xmv, 2730, 3104, abst J C.S' , lx. 1618, 
lxu. i 223 

Pago 468 Reactions of Hydrastmo and otlici alkaloids D, Vi tali, 
abut / C S, lxu 1 . 756. 

Pago 489 Detoumuatian of Caffeine 15 Tassily, Bull, Soc, C/tirn,, 
xvii 696,700, 761 , ahsl J S.C P , 1897, xvi 697,831 M Gomhoig, 
Amei, Chem Jour , xviu 331, ahst. Analyst, 1890, \u. 193 A 
Delacoui, J Phcttin. ct Clum , iv 400, ahst Analyst, 1897, \xu 76. 

Page 489 Determination of Caffeine Forster and Rule lull mann, and 
Hilger uud Jnekonaek, Chem, Or air , 1807, [1], 776 ; ahsl. 
Analyst, 1S97, xxu. 189, 238 G L Spencei, Anvi Chan Jour,, xiv 
279 , abst JC A\ 1\ 134, 901 C C K el lei, Chem Zed , ui, 
102, ahst JS.C.I., 1807, xvi 668 IV. A Pm knot, Amrr. Chem 
Jour, xviii 978 , ahst. J.B C.1 , 1896, xv 925, Putit and Tount, 
Bull Boa Ohm ,1896,11.811, ahst Analyst, 1896, p, 232. M. Georges, 
J Pharm el Ohim , xvi 68 ahst Arnlysl, 1806, xxi. 232 F. V it 7, 
Chem Ceiih,, 1890, li 274, abst JOB, K 372 Tnllteh ami 
Goekol, Zeit f Cntnsueh,, 1898, ]i. 101 ; abst. Analyst, 1898, \xm 
179. Gull lot, Ayolh. Zeit., vm 132 , nlist. JO B , Kiv n 608, 
C II La IV all, Amrr. Join, Pharm,, 1897, p. 300 , ahst. Analyst, 
1897, xxn 238, 

Page 490. Determination ol Caffcino in Ten. N V Sokoloff, ahst, 
J C.S , lxiv ii. 362. Kollnei, Foisehunys hcrichte, iv 88: abst. 
Pharm Jour , 1897, n. 83 

Pago 490. Determination of Caffeine in Tea. E. II G a n o {Jour. Soc Chem 
Ttul , 1896, page 96) states that, nfta a tnal of seveinl piocesses, he 
lonnd the ant hoi’s method to give tho best and mosL conoordnnt 
losnlts. A companson of the lesnlts obtained by Gano with tho 
methods of Paul and Cownloy and of the author slion s that the 
latter process gives identical ot liighor yields of caffeine than tho foimer, 
whilst tho alkaloid is obtained in a state of gieat pniity Gnile rogauls 
tho author’s method ns less tedious and moie aeomate than other 
methods Ho pvefeis m oveiy ease to boil tho tea with 600 e.e. of 
water m tho fiist place, and to add tho lend acetate befoie filtration. 
This modification is at least necessaiy m the case of ‘‘gunpowder’' and 
certam othei teas, ns was pointed out by the author (page 490), owing 
to the slow filtiatmn of the liquid. 
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Page 493 The Examination of Theobiomme. M P 1 a ri c n i a, J Pharm 
et Ohm., vii, 621 , abst Analyst, 1898, xxm. 213 
Page 498 Theobromine and its liomologuos. Bi miner, andBmnnoi 
and Lems, abet /NC./.'lgas, xvu 78, 946. 

Page 496, Determination and sepaiation of the Alkaloids of Cocoa. 
Brunnei and Loins, Chem, Cent i , 1898, p 612; abst J 8.C I., 
1898, xvn 961, 

Page 496, Determination of Theobromine m Ooooa, eto Hilger anil 
Em mg oi, Fiyrsch Ser , 1894, p 292 , abst JO.S., lxviu 642 L 
Maupy, J Pharm et Chm, 1807, v 829, abBt J.S.CI, xvi, 041 
P. Sosa, Zr.il anal Chem , uai, 67 , abst J C S,, lxiv, 198 
Page 498, AV, E Kunze (Zeit anal Chcm , xxxm 1 , abst Analyst , 1894, 
page 194), has proposed the following method for the detei Donation and 
separation of the Alkaloids of Cocoa — 

For the estimation of the total alkaloids, ten grammes of the cocoa is 
boiled for twenty minutes with about 160 a c of five pel cent, sulplumo 
acid, filtered, and the residue thoroughly washed with boiling watei The 
alkaloids are precipitated fiom the filhato by a large excess of a nitric acid 
solution of sodium phosphomolybdate, and tho liquid kept warm for twenty- 
four hours. It is then filtered, the precipitate washed with the dilute 
sulphuric acid, and at once decomposed by baiyta-water, the excess of 
barium being precipitated by passing carbon dioxide thiough the liquid. 
Tho liquid and piecipitate aie togetliei evapoiated to dryness, diied, and 
exhausted with boiling clilorofoim under a lefiux condenser On evapora- 
tion, the filtered ohloioform solution leaves the alkaloids almost perfectly 
pure, and containing only a trace of ash 

Foi the separation of the caffeine and theobromine thus obtained, tho 
theobiomme is oonveited into its insoluble silver salt. (Caffeine does not 
form a similar compound,) Foi this purpose, the mixed alkaloids aie dis 
solved in ammonia, a considerable excess of silver nitrate added, and tho 
liquid boiled down to it very small Milk, and until all fiee ammonia is expelled. 
The crystalline piecipitate of tlieobiomine-Hlver salt (C^HjAgNjO,,) is 
collected, well washed with boiling water, dried, ignited, and the lesidiinl 
silver weighed If a known measure of standard silver mtiate he employed, 
tho amount of theobiomme precipitated may bo deduced fiom tho excess of 
silver contained in the filtiate an determined by Volliaid’s method After 
the titiation, the alkaloids may be readily extracted from the precipitate 
and filtiate, and tested as to then purity^ etc 

Kunze’s papei contains a valuable lesumd and cutioiam of the methods 
hitherto employed foi the sepaiation of the cocoa alkaloids, and the sub 
stantial accmaoy of his piocoss is confiimed by analytical data. 

Page 604 Analysis of Tea Domerguo apd Nicolas, J Thai to, et 
Clum , xxv 302 ; abst J C 8., lxll u 920 
Page 606 Detection of Extracted Tea AV. A. Ticli omii o w, abst. Chem 
News, Ixvii. 196 

Page 609. Now Adnlteiant of Tea Delaiteand Lonny, Bull A Edge 
Chim , xi 13 , abst. J S O.1 , 1897, xvi 700. 

Page 516 The analysis of Chum Tens P. Dvorkovitz, abst. Join Soc 
Chem hid , x. 276. 
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Page 618. In employing Ed el’s piocess loi tlie determination of Tarnun 
m Ten, the excess of copper may bB determined by feirocyanide. 
Maltseheffsky, J. Pliaim. Clam., xxn 270 , abet J C'.S ,1s 132 
Page 620 The composition of Caper Tea. C. E s t c o n i t, Analyst, xxiv 30. 
J White, iW , p 117. 

Page 528 The composition of Mate oi Paraguay Tea H. 1C u ti r -Krause, 
Arch de Pham , ccxxxi 813 , obst Pharm Join,, xxiv 442. 
McKendrick and Hnri is, Pharm Jam., 1898, n 52 
Page 526 Contubutions to the study ot Mate. P. Macqu ai re, J, 
Pharm et Clnm , 1896, p. 840 , abst Analyst, xxu. 18 B. A. K a t y, 
Zed Nahr Untnsuch., x 864 , abst Analyst, 1897, xxii. 41. 

Page 528. Tho ivoid “mate” is used adjectivoly, lefening to tho gourd 
from which the scalding mfnsion is sucked tluough tho homhilln, that 
is, a tube hauug a bulb at one end. Wo should, therefore, always 
say “ Yeiha Mate," the goiud plant 

Pago 527. The composition ot Cutha eduhs E Collin, Phca rn Jour, 
xxiv 345 

Page 527 The following analyses ot "Coffee Tea” (coffee leaves) mo fioni 
the Lancet, 5tli August, 1893 — 

Whole Leal Small Biokcn Leaf. 

Caffeine, 2 '06 3 20 

Tannin, 7 14 6 ‘66 

Extinct, 39 46 34 40 

Alois tine, 7 ‘80 7 60 

Ash, 0 10 5 50 

Pago 528 Proportion of vations constituents of Coffee. Horfoldt and 
Sttitvei, Zed. anqtw, Ohem , 1895, p 409 , abst JOB., lxx it 0,1. 
Page r <28 Pioportion of wntei in law Coffee 1) Niodorstadt, Punch 
Pei , 1897, p 141 , alist Analyst, 1897, xxu. 322 
Page 528 A lieu Alkaloid of Ooll'oo (Colleai me) F o r s t o i and It u i o h e 1 

mann, Phcinu Zat , xln 309 , abst Pimm Join , 1897, u 84. I J 
P a 1 a il in o, abst Analyst, 1896, xx. 141 
Page 530 Alteiation m composition of Coffee duung roasting Hilgev 
and J uokonaek, Forseh P.ei , iv. 119, abst. Analyst, 1897, xxu 
287. H Jaeekle, Out f Untermch , 1898, p 457 , abst Analyst, 
1898, xxin. 264. 

Page 533 The Caiboliydiates of the Coffee bony E E Ewell, Awr. 

Chem Jour , xiv 47'3 , abst J S C.1 , 1893, xu 611 
Page 533 A Ptomaine In Coffee. H. Dpi u, Zut avt/aw, Ohem , 1898, 
p 668 , abst. Analyst, 1899, xxiv 86. 

Pago 634. GWod Coilea bemos. E. Ilanaitsok, obst Analyst, xxiv 36 
Page 635. Exhausted Coffee beiues P E Kamel It nos, abst Analyst 
xvi 160 

Pago 535 Analysis of a spuuous masted Coffee Af Maljeau, J. Pharm, 
et CItm , 1896, p 352 , abst. Analyst', 1897, xxn 17 
Page 538. Adulterations of Coffee G. WnU, Zed f Outer such,, 189S, 
p 248, abst Analyst, xuu 209 Poni mn m and Aloor, Analyst, 
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